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ISN (Izd. Sov. Nauk) Soviet Science Press 

Izd. Press 

LEM Laboratory for experimental morphogenesis 

LENDVI Leningrad Inst. of Dermatology and Venereology 
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TsNII All-Union Central Scientific Research Institute 

TsNTL Central Scientific and Technical Laboratory 

VASKhNIL All-Union Academy of Agricultural Sciences 
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PAPER-CHROMATOGRAPHIC STUDY OF THE STRUCTURE OF 
CARBOHYDRATES OF DIPHTHERIA BACTERIA 


O. K. Orlova and E. P. Efimtseva 


Dept. of Biochemistry, Rostov State Medical Institute 


During the past ten years the method of paper chromatography has obtained extensive use in the study of 
the composition and structure of polysaccharides of varying origin. The chief advangage of this method — the 


small amount of material required for analysis —- makes it especially valuable in the study of polysaccharides of 
bacterial origin, 


Concerned with work in this field are the studies of Barker and Bourne on the composition of the polysac- 
charide synthesized by Neisseria perflaga from sucrose [1], and on the oligosaccharide synthesized by Escherichia 
coli from maltose [2], carried out by use of the method of paper chromatography. Forsyth (3) investigated the 
composition of dextran synthesized by Leuconostoc mesenteroides from sucrose, By the same method Kent [4] 
investigated the polysaccharide composition of type II pneumococcus, Eagon [5] the structure of the capsular 
polysaccharide of Pseudomonas fluorescens and Evans [6] the capsular polysaccharide of Cryptococcus neofor- 
mans. Studies of Holdsworth [7] on the composition of the carbohydrate componeut of the cell walls of Cory- 
nebacterium diphtheriae, carried out by the method of paper chromatography, have confirmed the data we 
obtained previously [8] by use of classical analytical methods. In recently published work of Dziulynska and 
Mikulaszek [9], data are given on the chromatographic investigation of an entire series of bacterial polysaccharies: 


Shigella, Salmonella, Klebsiella, Pseudomonas, Streptococcus, Micrococcus, Bacillus erysipelotrix, Mycobacterium, 
Corynebacterium. 


Together with obtaining an entire series of new data on the structure of carbohydrates, the extensive use 
of the method of paper chromatography in identification of hydrolysis products of methylated starch, glycogen 
and araban makes it necessary to reconsider a’number of previously held views on the structure of these substances. 


The purpose of the studies we have made is to check by the method of paper chromatography a number of 


views which we expressed previously [10] on the basis of study of the course of hydrolysis of various carbohydrate 
fractions of diphtheria bacteria. 


Thus, studying the course of hydrolysis of mannan of diphtheria bacteria [10], we found that Barfoed's 
reaction becomes positive only upon hydrolysis for more than one hour, while reducing properties (Fehling's 
reaction) appear after 20 minute hydrolysis. On the basis of this we postulated that appearance of reducing cap- 
acity in the first hour of hydrolysis is related not to splitting off of free molecules of mannose, but to breakdown 
of mannan into molecules of oligosaccharides with reducing properties. 


To check this view the following experiments were performed: 25 mg of a mannan preparation was dissolved 
in 2.5 ml 1N H,SO, and the solution poured into ampouls, 0.2 ml in each, The ampouls were sealed and heated 
in a boiling water bath for various lengths of time: 1, 5, 15, 45 minutes, 1, 3, 5, 7 and 9 hours, Immediately 
after hydrolysis the contents of each ampoul were neutralized to litmus with dry barium carbonate and centrifuged 
directly in the ampouls. In order that chromatography of all the hydrolyzates obtained should proceed under 
identical conditions, all ten spots were placed on one sheet of paper (60 x 35 cm) with intervals of 5 cm between 
spots, Chromatographic paper of the Leningrad plant No, 2 was used. The nuetralized hydrolyzate was placed 
in the amount of 0,02 ml in a horizontal line at a distance of 5 cm from the lower edge of the paper in 2 portions 
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| of 0,01 ml from a micropipet. The paper, rolled imc a cylinder, was put into a vessel with convex inside bottom 
| of internal diameter 24.5 cin and height 40 cm, inte which was poured an upper layer of butanol-acetic mixture 
(acetic acid, butyl alcohol, water — 1:42), The solution flowed around the circuniference of the cylinder walls 


|. in the form of a layer 5-6 cm tn hetght; the amount used did not exceed 150 ml, The lower (aqueous) layer was 
\ put in the center of the vessel in a flat dish, so that it was inside the paper cylinder, The glass cylinder was 


closed with ground glass, and,when it was necessary to set up a taller chromatogram, with the inverted lower 

part of a desiccator of suitable size. Along the line of union of cylinder with cover was applied a strip of adhesive 
| plaster. Two chromatograms were set up in parallel for development by different reagents. Chromatograms were 
kept in the vessel 36 hours, after which the sheets were removed and dried in air until the acetic acid odor dis- 


ani appeared, One chromatogram was developed with aniline hydrophthalate according to Partridge [11}, the other 
with the silver reagent according to Trevelyan [12]. 
On the chromatogram developed with anfline hydrophthalate (Fig. 1) a series of spots is clearly seen, located 
at a level corresponding to mannose. in which the intensity of the spots increases with increase in time of hydrolysis. 


Butanol-acetic mixture 


0 
as Fig. 1. Chromatogram of mannan hydrolyzates with development 
by aniline hydrophthalate: Hydrolysis time: 1) 1 min, 2) 5 min. 
3) 15 min. 4) 30 min. 5) 45 min.; 6) lhr, 7) 3hr. 8) 5 hr. 
9) Thr. 10) 9hr, 
Fig. 2, Chromatogram of mannan hydrolyzates with development 
J by silver reagent, 
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On the chromatogram developed with silver (Fig. 2) a series of weak spots, located at the level of disacchar- 
ides, corresponds to spots of mannose, 


These data do not support the results obtained previously with respect to the time of appearance of molecules 
of free mannose, but do support the appearance of reducing oligosaccharides from the very beginning of hydrolysis, 


The second carbohydrate component investigated was a polysaccharide, composed of arabinose, galactose 
and mannose, which we have called mannogalactoaraban. In studies carried out previously on the course of 
hydrolysis [13] the sequence of splitting off of sugars was determined by change in the amount of fermentable 
sugars in the hydrolyzate. It was found that arabinose splits off first in the course of hydrolysis (in 5 minutes), 
then galactose (in 15 minutes) and, finally, in 30 minutes — mannose, 


Butanol-acetic mixture 


Butanol-acetic mixture 


Butanol-acetic mixture 


Fig. 3. Chroinatograms of mannogalactoaraban hydrolyzates: A) with 
development by aniline hydrophthalate; a) arabinose; b) galactose; 

c) Rg = 0.085; e) Re = 0.06; hydrolysis time: 1) 1 min,; 2) 5 min.; 

3) 15 min.; 4) 30 min.; 5) 45 min.; 6) 1hr.; 7) 3 hr.; 8) 4 hr.; 9)5 hr.; 
10) Ghr.; B) with development by silver reagent; hydrolysis time; 1) 0; 
2) 1 min.; 3) 5 min.; 4)15 min,; 5) 30 min.; 6) 1 hr.; 7) 2 hr.; 8) 4 hr.; 

C) unneutralized hydrolyzate, developed with aniline hydrophthalate; 
hydrolysts time; 1) 1 min,; 2) 5 min; 3)15 min.; 4) 30 min,; 5) 1 hr.; 

6) 2 hr.; 7) 3 he.; 8) 4 hr, 
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To check these data we also used the method of ascending paper chromatography, The combination of 
components in this polysaccharide ts unsultable for chromatographic separation, since mannose and arabinose 
have the same Ky value in butanol-acetic mixture, while in phenol galactose and mannose have the same Ry 
value. 


An attempt to use, as the mobile phase,a mixture consisting of ethyl acetate, acetic acid and water in the 
proportions 3:1:3 did not give the expected results. In order to obtain complete separation of the three compon- 
ents, we varied the experiinental conditions, IMowever, with development of such chromatograms by aniline 
hydrophthalate we obtained only two spots, regardless of experimental conditions, 


Use of butanol-acetic mixture as the mobile phase with subsequent development by aniline hydrophthalate 
nevertheless answered the question concerning the time of splitting off of arabinose and galactose, since in this 
solvent they have a different Rg value and are developed in the form of spots of different color (arabinose — red 
spot, galactuse — brown). 


For the three-component polysaccharide we increased the concentration of the initial solution so that the 
mannose concentration was 1%, since the amount of this sugar in the polysaccharide is the least,and according 
to our data [9], is ~ 20%. With this purpose, 130 mg of mannogalactoaraban preparation was dissolved in 2.6 ml 
of 1N H,SO,. Ilydrolysis and neutralization were performed just as for mannan. Time of hydrolysis: 1, 5, 15, 
30, 45 minutes, 1, 3, 4, 5, 6 hours, The neutralized hydrolyzates were placed on a sheet of paper in the amount 
of 0.01 ml for each spot and were kept in butanol-acetic mixture for 36 hours. Two chromatograms were set up 
in parallel, one of which was developed with aniline hydrophthalate, the other with silver reagent.. 


On the chromatogram developed with aniline hydrophthalate two rows of spots are clearly visible — an 
upper uow of spots of cherry -red color — arabinose (Ry = 0.21) and a lower row of spots of brown color — galactose 
(Rg = 0.15) (Fig. 3A), The same result was also obtained on the chromatogram developed with silver (Fig. 3,B). 
On this chromatogram were placed; the initial polysaccharide solution in 1N H,SO, (point 1) and hydrolyzates 
after 1, 5, 15, 30 minutes, 1, 2, and 4 hours of hydrolysis. 


A weakly colored spot characteristic of the level of disaccharides (Rg = 0.085), visible on both chromato- 
gtams but more distinctly on the chromatogram developed with silver, is also observed for solutions hydrolyzed 
less than one hour. Together with this spot there is also observed a fourth spot with Rr = 0,06. 


Since the process of neutralization of the hydrolyzate, even when carried out directly in the ampouls, is 
associated with a loss of the solution, which is of importance in cases of insufficiency of material, we tried to 
eliminate it. 


With this purpose 20 mg of the preparation was dissolved in 0,4 ml 1N HCl, the solution poured into ampouls, 
0.05 ml in each, and hydrolyzed 1, 5, 15, 30 minutes, 1, 2, 3 and 4 hours. The hydrolyzates without preliminary 
neutralization were placed on two sheets of paper 45 x 53 cm and kept 32 hours in butanol-acetic misture. Of 
two parallel chromatograms one was developed with aniline hydrophthalate, in which very good results were 
obtained (Fig. 3, B). 


With development by silver the results were not as good, 


The chromatographic data (Fig. 3) indicate that from the very beginning of hydrolysis (1 minute) arabinose 
and galactose are observed in the solution, 


To answer the question concerning the time of splitting off of mannose we had to resort to two-dimensional 
chromatography. The concenuation of polysaccharide was increased: 75 mg in 1.5 ml 1 N H,SO,. The solution 
was poured into ampouls, 0,2 ml in each, and hydrolyzed 5, 15, 30 minutes, 1 hour and 2 hours, then neutralized 
and centrifuged in the ampouls, Each of the neutralized hydrolyzates was placed in the amount of 0.2 ml in the 
left corner of a sheet of paper 45 x50 cm at a distance of 4 cm from the lower and left edges of the paper. The 
sheet, rolled into a cylinder, was put for 32 hours into phenol, saturated with water, after which it was kept at 
room temperature until the phenol odor completely disappeared. Ther the sheet was rotated 90° and placed for 
the same Icngth of time in butanol-acetic mixture. After being dried, one of the two parallel chromatograms 
was developed with aniline hydrophthalate, the other with silver. In this case the advantage of development 
with aniline hydrophthalate is shown particularly clearly, With such development there are distinctly visible, 
on chromatograins of hydrolyzates obtained with a hydrolysis time greater than 15 minutes, three spots character- 
istic of arabinose, galactose and mannose, But on chromatograms developed with silver the arabinose and mannose 
spots frequently are run together into one large extended spot, 
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Butanol- Butanol- Butanol- Butanol 
acetic acetic acetic acetic 
mixture mixture mixture mixture 


Fig. 4. Two-dimensional chromatograms of mannogalactvaraban hydrolyzates with 
development by aniline hydrophthalate: Duration of hydrolysis: A) 5 min.; B) 15 min.; 
C) 30 min.; D) 1lhr.; E) 2hr. a) Arabinose; g) galactose; m) mannose, 


In Fig. 4 are shown photographs of five chromatograms developed with aniline hydrophthalate, The results 
obtained indicate that arabinose and galactose are split off simultaneously in the first minutes of hydrolysis, 
while mannose is split off only upon continuation of hydrolysis for approximately 15 minutes, Evidently owing 
to the significant predominance of arabinose over galactose in the fermentation method these monosaccharides 


did not appear simultaneously, 
SUMMARY 


The paper chromatography method permits detection of free monosaccharides in hydrolyzates of complex 
carbohydrates much earlier than do the generally used qualitative reactions, Development with aniline hydro- 


phthalate has an especially great advantage in cases where one of the structural components of the polysaccharide 
is a pentose, 


In hydrolysis of mannan of diphtheria bacteria, from the first minutes of hydrolysis are split off free mannose 
(Rg = 0,22) and an oligosaccharide located at a level corresponding to disaccharides (Rg = 0,10), 


In hydrolysis of mannogalactoaraban of the same origin, after the first minutes of hydrolysis are split off 
arabinose (Ry = 0.21) and galactose (Rf = 0.15), while mannose appears after 15-minute hydrolysis. Together with 
monosaccharides, after hydrolysis of less than one hour are found oligosaccharides with value of Rg = 0.085 (level 
of disaccharides) and after hydrolysis of less than 15 minutes — oligosaccharides with value of Rf = 0.06. 
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‘MICROELECTROPHORETIC STUDY OF THE PROTEIN COMPOSITION 
OF MUSCLE TISSUE IN ONTOGENESIS 


B. S. Kasavina and Yu. M. Torchinsky 


Central Institute of Traumatology and Orthopedics, Ministry of Health USSR, Moscow 


Study of the protein composition of organs and tissues in ontogenesis permits determination of the biochem- 
ical changes at the different stages of development which occur parallel to emergence and development of indi- 
vidual functions of the organism, From this point of view study of the protein composition of muscle acquires 
importance. 


There are a number of studies devoted to investigation of the structure of embryonic muscle tissue and its 
content of water, nitrogen fractions, enzyme systems, etc. [1-3]. In the study of embryonic muscle tissue much 
attention has been directed to the contractile protein — actomyosin and its components: actin and myosin [4-8]. 


In the studies of one of the present authors [5] it was established that appearance and accumulation of acto- 
myosin in human muscle, and also in muscle of embryos and newborn animals, occur at varying periods of em- 
bryonic and postembryonic development, A difference was found in the time of appearance of the actomyosin 
system between two groups of animals: first group — guinea pigs and hens, second group — mice, rats and rooks, 
The first group was characterized by a sudden appearance (rapid change) of the reactions of muscle proteins with 
adenosinetriphosphoric acid while still in the period of embryonic development ; the second group — by a relatively 
uniform increase in intensity of these reactions, which occurred only on the 10th-13th day of postembryonic 
development. 


These differences in time of accumulation of contractile proteins are in conformity with the general bio- 
logical features of both groups of animals. Thus, animals of the first group are born with vision, are capable of 
independent existence, are “born mature” [9}. Animals of the second group are born blind, are undeveloped and 
incapable of independent existence, are “born immature", 


Considerably less studied are the changes of soluble proteins of muscle plasma (sarcoplasm) in the process 
of formation of the muscle fiber, Data in the literature [6, 7, 10, 11] on this question have a general character 
and do not permit a clear conception of the type of changes of the different proteins and enzyme systems of 
sarcoplasm in the process of ontogenetic development of the animal, However, for investigation of the processes 
of muscle tissue formation in ontogenesis, and the biochemical changes occurring at this time,the study of the 
soluble proteins of sarcoplasm, which play a large part in muscle metabolism, is undoubtedly of importance. 


In this paper are reported the results of a microelectrophoretic study of the soluble proteins (aldolase, 
Slyceraldehyde dehydrogenase, phosphorylase and myoalbumin) of the sarcoplasm of certain animals and birds. 
Studies were made on rabbits, rats, guinea pigs and hens at different periods of embryonic and postembryonic 
development. 


According to data in the Mterature [12, 13), upon separation of ‘the soluble proteins of sarcoplasm in the 
Tiselius apparatus there have been found three main fractions; I-(n+ m+ 1), Il —(Ky+ K,) and Il (h+ 
which onthe basis of electrophoretic mobility were identified with specific muscle proteins, These data were 
subsequently reproduced with use of paper electrophores{s [14]. The distribution on the electrophoregram of 
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proteins with enzymic activity was also determined [15], According to these data, m and 1 fractions show 
aldolase and triosephosphate dehydrogenase activity, and k fractions — phosphorylase. activity. 


METHODS 


Muscle tissue (rabbit, rat, guinea pig, hen), carefully freed of fatty layers and fascia, was washed free of 
blood, cut up with scissors, and then ground in a glass homogenizer for 3 minutes. The homogenate was extracted 
with 1.5 volumes of phosphate buffer (plI 7.7; fonic strength — 0,1) for 2 hours with periodic stirring, then centri- 
fuged at 5000-6000 revolutions per minute for 30 minutes. It was determined in preliminary experiments that. 
dialysis of the extract does not influence the results of electrophoresis. The extract was kept at a temperature 
of ~ 2° not more than 7 days. All procedures associated with preparation of the extract except centrifugation 
were carried out in the cold (from 0 to 2°). It was shown that muscle tissue which has been frozen for a week 
can be used in the investigation. 


Electrophoresis was carried out in a cell described previously [16, 17) at room temperature for 18-19 hours, 
at potential gradient 5-5.5v/cm with phosphate buffer (pH 6.4; ionic strength 0,1). The extract was applied in 
the amount of 0,03 ml to the center of a vertically suspended strip of filter paper 40 x 4 cm. Quantitative deter- 
mination was carried out by means of elution (0.1 N NaOH for 1 hour) of the portions of the electrophoregram 
corresponding to separate fractions of muscle proteins, with subsequent determination of color intensity of the 
eluates in a photoelectric colorimeter. 


The data we obtained on the content of protein fractions in muscle extracts of rabbits, rats, guinea pigs 
and hens at certain periods of embryonic and postembryonic development are presented in Table 1 (average data 
from 4-6 determinations are given; deviations in individual determinations did not exceed 5%). 


In analysis of these data for all animals investigated the attention is drawn to the increased content of 
phosphorylase (or protein with identical electrophoretic mobility) in embryonic muscle tissue in comparison with 
tissue of the adult animal. The latter circumstance is in conformity with the known specific features of the meta- 
bolism of this tissue. In embryonic muscle tissue of all animals investigated, in comparison with muscle of the 
adult animals there is a significantly higher content of myoalbumin (fraction h) — the most electrophoretically 
mobile fraction, In the process of the animal's development in proportion to maturity of the muscle the percentage 
content of myoalbumin sharply decreases (from 3 to 8 times), which is, apparently, a reflection of the consolida- 
tion of muscle protein molecules occurring in the process of ontogenetic development, 


There are data which indicate the important role of myoalbumin in the formation of other proteins of the 
muscle fiber in the period of embryonic development [6]. Apparently the physiological significance of myo- 
albumin lies in the fact that it represents a reserve protein of muscle tissue, which is used for synthesis of structural 
proteins. This is indicated by the evident correlation between the process of accumulation of actomyosin, 
myosin and actin in muscle tissue of embryos and newborn animals [5) and the process of change of soluble pro- 
tenis of sarcoplasm (decrease of myoalbumin fraction). In the period of sharp decrease of myoalbumin content 
in the muscle fiber there is observed an accumulation of actomyosin, This provides a basis for suggesting the 
possibility of conversion of globular to fibrillar proteins in the maturation process of muscle tissue. 


It should be noted that fractions n, m amd 1, containing a number of enzymes of glycogenolysis, are almost 
unseparated in electrophoresis of embryonic muscle tissue. This indicates that these enzymes not only are con- 
tained in embryonic muscle tissue in smaller amount, but, apparently, also have certain qualitative differences 
in comparison with these same muscle proteins of adult animals. Furthermore, there is noted a species difference 
in the content of certain proteins of sarcoplasm. Thus, for instance, the content of fractions n, m andl on 
electrophoregrams of muscle extracts of the adult rat and hen according to our data, averages 2.8, 16.5 and 
52.1% respectively. However, on electrophoregrams of muscle extracts of the adult rabbit fractions n, m andl 
differ from each other in content considerably less; the content of each fraction varies within the limits 20-25% 
of the total amount of protein contained in the extract. 


Of considerable interest are the data indicating differences in time of accumulation of the proteins inves- 
tigated in sarcoplastn of rabbits and rats in comparison with guinea pigs and hens, 


As is evident from Table 1, in sarcoplasm of the guinea pig by the end of the embryonic period of develop- 
ment there {s observable a sudden accumulation (rapid change) of enzymes of glycolysis (aldolase and glycer- 


532 


pe 


Be 
ay 
= 
i 
if 
ae 
er 
ve! 


aldehyde dehydrogenase). Thus, for instance, by the 53rd day of embryonic development this fraction represents 
35.2%, and by the 64th day — 55.7% of the total amount of protein in the extract; the myoalbumin fraction is 
correspondingly lowered from 37,4 to 11.9%, The same relationship can be noted in study of the data obtained 
on chick embryos. Thus, while in the 15-day chick embryo the fraction n+ m+ 1 represents 20.6%, phosphor- 
ylase — 64.2%, and myoalbumin — 15.1%, in the 20-day embryo it is — 45.8, 42.4, and 11.8%, respectively. In 
other words, in the course of 4-5 days of embryonic development there is observable a sudden change in content 
of the fractions investigated. Let us recall that at this period in chick embryo muscle there has been noted an 
intense accumulation of proteins of the actomyosin complex. The relationship of the protein fractions in muscle 


extracts of the newborn guinea pig, and also of one-day-old chicks, approaches in type the relationship charac- 
teristic of muscle of the adult animals, 


TABLE 1 


Content of Protein Fractions in Muscle Extracts. 
Ionic strength of extract, 0.1; average values in percent. 


Animal species Age of animal in days* Aldolase + gly- |Phosphorylase | Myoalbumin 
ceraldehyde h 
dehydrogenase 
n+m+l 

24 of embryonic development 25.2 43.7 31.1 

1 of postembryonic development 36.3 41.9 21.8 

Rabbits 14 of postembryonic development 62.5 29.5 8.0 
20 of postembryonic development 10.0 25.1 4.9 

Adult rabbit 71.8 23.2 5.0 

20 of embryonic development 28.3 37.9 33.8 

1-2 of postembryonic development 32.3 38.9 28.8 

Rats 13 of postembryonic development 47.3 37.7 15.0 
18 of postembryonic development 57.5 31.9 10.6 

Adult rat 71.2 24.8 4.0 

53 of embryonic development 35.2 27.4 37.4 

64 of embryonic development 55.7 32.4 11.9 

Guinea 1-2 of postembryonic development 57.6 30.4 12.0 
pigs 14 of postembryonic development 68.5 20.3 11.2 
Adult guinea pig. 72.7 22.4 4.9 

15 of embryonic development 20.6 64.3 15.1 

20 of embryonic development 45.8 42.4 11.8 

Hens 1 of postembryonic development 53.2 36.0 10.8 
12 of postembryonic development 60.2 33.1 6.7 

Adult hen 69.6 25.0 5.4 


* Age of animals was determined according to the tables of Needham [20] 


In muscle extracts of rats there is noted another relationship in the intensity of change of the fractions. . 
studied, In these animals, in contrast to guinea pigs, in the first days of postembryonic development the rela- 
tionship of the protein fractions still recalls the picture in embryonic tissue. Only during the first month of 
postembryonic life in rats does there occur a very slow increase of the aldolase and glyceraldehyde dehydrogenase 
(n+ m+ 1) fraction and a corresponding decrease of the remaining fractions (phosphorylase and myoalbumin), 

In comparing Fig. 1 and 2 one is struck by the sharp difference between electrophoregrams of muscle extracts of 
newborn rats and newborn guinea pigs. Whereas the muscle extract curve of newborn rats differs sharply from 
that of adult rats, the muscle-extract curve of the newborn guinea pig differs insignificantly from the muscle 
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Fig. 1. Electrophoregram of muscle extract proteins of adult guinea pig (A) and of 
newborn guinea pig (B). 


Fig. 2. Electrophoregram of muscle extract proteins of adult rat(A) and of 


newborn rat (B). 
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extract curve of the adult animal. The content of protein fractions in muscle extracts of newborn rabbits recalls 
the picture characteristic for rats (Fig. 3 and Table 1), Maturity of the enzyme systems of sarcoplasm is reached 
in rabbits, according to the electrophoresis data, essentially by the 20th day of postembryonic development. This 
is in agreement with data [18] in the literature that by the 10th-20th day of postembryonic development of rabbits 
the muscle content of ammonia, glutamine, glutamic acid, and also the activity of glutaminase, are decreased 
to the level characteristic of muscle tissue of the adult animals. 


TABLE 2 


Total Nitrogen Content in Muscle Extracts. 
Extract with low ionic strength; average data in mg/ml 


Animal species 


In newborn In adult 


animais 


Rabbits 


Rats 4.00 
Guinea pigs 4.51 
Hens 3.38 
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Together with study of muscle extracts by 
the paper electrophoresis method, their total 
nitrogen content was determined. This likewise 
provides a certain conception of the amount of 
sarcoplasm proteins in newborn animals in com- 
parison with adults, 


From Table 2 it is evident that the total 
nitrogen content in.muscle extracts of newborn 
guinea pigs and one-day-old chicks differs 
little from the nitrogen content in muscle ex- 
tracts of the adult guinea pig and hen, whereas 
the total nitrogen content in muscle extracts of 
newborn rats and rabbits is several times lower 
than in muscle extracts of the adult animals, 
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Fig. 3. Electrophoregram of muscle extract proteins of adult rabbits 
(a) and of newborn rabbits (b). 


Our results permit the assumption that between animals “born mature” (guinea pigs and chicks) and those 
“born immature” (rats, rabbits) there exists considerable divergence in time of maturity and intensity of accumu- 
lation of the soluble proteins of sarcoplasm; which, apparently, reflects a difference in time of functional maturity 
of these groups of animals, Characteristic of the first group of animals (“born mature”) is a considerable accumu- 
lation of aldolase and glyceraldehyde dehydrogenase and a correspondingly sharp decrease of the myoalbumin 
fraction in sarcoplasm at the end of the embryonic period of development. In animals of the second group 
(“born immature”) these changes gradually occur only in postembryonic life. 


This fact, as well as the differences we found earlier [5] in intensity of accumulation of actomyosin in 
various animals, indicates the presence of a certain parallelism between the maturity of a number of enzyme 
systems in muscle and the formation of certain physiological functions of the animal in the process of ontogen- 
etic development, All this once again supports the correctness of the concept of the inseparability of the enzyme 
and function, of the fact that enzymes are an integral constituent part of functional physiological structures [19}, 


It should be noted that the method of paper electrophoresis of muscle proteins, requiring minimal amounts 
of tissue for study, presents wide possibilities for study of sarcoplasm proteins in the normal and in various patho- 
logical conditions, 


Investigation of changes of the protein composition of muscle tissue in the process of ontogenesis permits 
us to study more profoundly the biochemical changes in muscle pathology, in particular in regeneration of 
muscle tissue after trauma in various age groups, and also to develop methods to influence effectively the pro- 
cess of regeneration, 


We express thanks to M. V. Umanskaya for assistance in the study. 
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PATHWAYS OF CONVERSION TO UREA OF NITROGEN OF VARIOUS 
AMINO ACIDS AND OF AMMONIA IN MAMMALIAN LIVER 


I. V. Klyuge 


Laboratory of Nitrogen Metabolism, Institute of Biological and Medical Chemistry, 
Academy of Medical Science USSR, Moscow 


We [1] have recently shown that in rat liver homogenate during urea formation from citrulline (CTR) 
(that fs, in the second stage of the ornithine cycle) various L- and D-amino acids and salts of ammonia can 
serve as sources of the second nitrogen atom of urea (conventionally: “N-donors”), 


In agreement with studies of Ratner (2, 3], only L-aspartic acid (AS) reacts directly with CTR, with form- 
ation of argininesuccinic acid; enzymic cleavage of the latter leads to formation of arginine and then urea, It 
follows from this that for conversion of CTR to arginine (urea) the nitrogen of other amino acids must previously 
be transferred by one or another pathway to AS. As noted by Braunstein [4], a considerable part of protein nitro- 
gen (up to 50%) can be transferred to urea in the second stage of the ornithine cycle without intermediate form- 
ation of ammonia, as a result of transamination reactions; in recent years it has been established that all or 
nearly all natural amino acids are susceptible to transamination, Another possible pathway of conversion of 
interest to us consists in deamination of amino acids with subsequent utilization of the liberated ammonia for 
synthesis of AS. 


The extent of participation in this latter case has not yet been fully established of direct deamination and 
amination reactions, on the one hand, and of indirect conversions, mediated through transamination, that is, of 
processes of transdeamination and transreamination (according to the terminology of Braunstein [5]) — an the 
other hand, It has also not been explained whether AS formation occurs in liver from monocarboxylic L-amino 
acids by way of direct transamination between these amino acids and oxaloacetic acid (OA) or by way or a 2- 
step transfer of the NH,-group — first to ketoglutaric acid (KG), and then from the L-glutamic acid (GL) formed 
to OA, that is, by way of 2-step transamination, 


In this paper are presented results of studies, directed toward determination of the role of transamination 
reactions in the utilization of nitrogen of ammonia and of various amino acids in the second stage of urea form- 
ation, and also of the significance of KG (GL) as intermediary nitrogen carrier in this conversion, 


EXPERIMENTAL METHOD 


To solve these problems the formation of urea (and of ammonia) was studied in rat liver homogenates in 
the presence of DL-CTR, cell respiration substrates and ATP. Various N-donors were added in concentrations 
slightly exceeding the physiological amino acid content in tissue, 1. e., in the amount of 20 micromoles pert 
sample of 3 ml(7-10* M). In most experiments,during homogenization of liver,for the purpose of stabilization 
of the homogenate there was added the disodium salt of ethylenediaminetetraacetic acid (EDTA) with a final 
concentration in samples of 1-10™° M. For description of the experimental setup and analytical methods see 
reference [1]. 


In the first serfes of experiments urea formation was studied in liver homogenates of rats with vitamin Bg 
deficiency and of control rats. The animals were kept on the synthetic diet used in our laboratory and were used 
for experiment only when marked signs of avitaminosis (acrodynia, excretion of large amounts of xanthurenic 
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acid) were present. For suppression of vitamin Bg synthesis by intestinal microorganisms 2% phthalazol was added 
to the diet of some of the rats. 


In other experiments in order to analyze the mechanism of conversion of various N-donors in liver homo- 
genate we used the inhibition by selective enzyme polsons of individual intermediate reactions of cell metabolism, 
as well as exclusion from the composition of experimental samples of one or another component, necessary 
for urea synthesis (see below). : 


All values given in tables are averages of data from 3-6 (or more) experiments in good agreement, with 
normal intensity of urea synthests in the complete experimental samples. 


EXPERIMENTAL DATA 


Urea Formation from Citrulline and Amino Acids in Liver Homogenates of Vitamin 
Be-Deficient Rats 


To solve the problem of the role of transamination reactions in the second stage of urea synthesis we tried 
to make use of liver homogenates of vitamin Bg-deficient rats, in whose tissues the activity of aminopherases is 
reduced, According to data of Berezov [6], in vitamin B,-deficient rats in vivo there {s a disturbance of urea 
formation from dietary protein and from certain L-amino acids, Proceeding on the assumption of participation 
of transamination reactions in formation of AS, it might be expected that in vitamin Bg deficiency conversion 
of CTR to urea would be disturbed in liver homogenate during utilization of all amino acids, with the exception 
of AS. 


It was found, however, that intensity of urea formation from CTR and GL fs the same in normal and in 
vitamin Bg-deficient rats, as well as in experiments with L-alanine (AL) and with other N-donors. 


It should be pointed out that in preliminary observations in vivo on the vitamin-deficient rats we employed, 
and also in experiments of other laboratory workers on animals with far advanced vitamin Bg deficiency, it was 
not possible to establish at all regularly the decrease noted by Berezov of the percentage urea content in urine 
of the rats (see also studies of McHenry et al. [7, 8]). Direct study of the transamination reaction AL <= GL 
in liver homogenates showed that decrease in activity of this reaction, estimated by increase of intensity of the 
GL spot on chromatograms of incubated samples, was relatively small in our vitamin-deficient rats, Thus, it 
appears, that liver of vitamin Bg-deficient rats is not a suitable experimental subject for determining the role of 
transamination reactions in urea synthesis, 


Metabolism of Amino Acids and Ammonia in Liver Homogenate During Inhibition 
of Transamination or of the Second Stage of Urea Synthesis 


In further experiments to determine the role of transamination reactions in dissimilation of amino acid 
nitrogen in liver we used inhibition of transamination reactions by reagents for the carbonyl group, which bind 
phosphopyridoxal. 


The action was tested of the following CO-reagents: hydroxylamine (NH,OH- HCl), semicarbazide, 
isonicotinylhydrazide (tubazid), phenylhydrazine and aminoguanidine; the most suitable for our purposes was 
NH,OH. 


By means of paper chromatography, in agreement with data of Braunstein, Azarkh and Mogilevskaya [9}, 
we established that at the low substrate concentrations (7+ 107° M) in our experiments hydroxylamine (107° mM) 
strongly inhibits the transamination reaction AL = GL in liver homogenate. With addition of NH,OH (5- 10~ to 
10~* M) there {fs observed in the homogenate a profound inhibition of urea synthesis from CTR and GL or mono- 
carboxylic amino acids, while urea formation from CTR as AS fs not disturbed. 


An analogous, but somewhat less active effect, is shown by tubazid; the other carbonyl reagents act more 
weakly and inconstantly, In view of the fact that tubazid and other hydrazine derivatives are split in tissue 
homogenate with formation of ammonia, which obscures the picture of the conversions investigated, in further 
experiments only NH,OH was used, 
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In the search for suitable ageuts for suppression of transamination,we tested, among other compounds, 
a-methylamino acids [9] and found that a-methyl-GL and a-methyl-AL do not inhibit the second stage of urea 
synthesis, while a-miethyl-AS (7+ 10°? M) under the conditions of our experiments almost completely suppresses 
urea formation from CTR and all N-donors, including AS (see Table 2, samples 8 and 10). Methyl-AS does not 
inhibit transaimination reactions. It seemed probable that methyl-AS, acting as an antimetabolite of AS, inhibits 
synthesis of argininesuccinic acid from CTR and AS in “Ratner's reaction.”. This assumption was confirmed in a 
more detailed study of the mechanism of the effect of methy1-AS on the reaction of the ornithine cycle. We 
have used methyl-AS in a study of nitrogen dissimilation of various amino acids in liver homogenate in blockage 
of urea synthesis. 


Besides addition of NH,OH or methyl-AS to block urea synthesis, in a number of experiments we used 
omission from the composition of the incubated samples of individual components necessary for this process, 
for example CTR or respiratory substrate, We also used reagents which specifically inhibit certain enzymes 
participating in the metabolisin of individual amino acids, for example benzoic acid, EDTA and others, 


In the composite Tables 1 and 2 are given the results obtained by the methods indicated in the study of 
conversion of nitrogen of various amino acids by rat liver homogenates to urea nitrogen and ammonia, 


In examining these tables the attention is first of all struck by the fact that addition of NH,OH inhibits 
urea formation from CTR and all amino acids, except AS (Tables 1 and 2, Sample 9). Inhibited also is increase 
of urea in samples with CTR without addition of N-donor (Sample 6); as noted previously [1], under these condi- 
tions donors (NH; and amino acids) preformed in liver tissue serve in part as sources of the second nitrogen atom 
of urea, in part ornithine, formed in the cycle of urea formation from CTR, 


These data indicate that conversion of nitrogen of amino acids (except AS) to urea depends on reactions 
which are inhibited by NH,OH. Absence of inhibition in experiments with AS indicates that transamination 
reactions are inhibited, which are necessary for conversion of nitrogen of other amino acids to AS. 


Hydroxylamine suppresses also utilization of nitrogen of salts of ammonia for urea synthesis from CTR 
(Table 1, Samples 9 and 8); to the decrease.on the average of 7.7 micromoles,in the urea rise there is a corres- 
ponding parallel increase of residual NH; content of 7.3 micromoles in samples incubated with NH,OH. Evidently 
also in utilization of ammonia in the second stage of urea synthesis there is,as a necessary stage, a conversion, 
suppressed by NH,OH, which apparently is transamination, 


In experiments where D-amino acids (AL and phenylalanine (PhAL) serve as N-donors, and likewise L- 
histidine, inhibitions of urea synthesis by hydroxylamine (Sample 9) or methyl-AS (Sample 10), as well as inhi- 
bition of urea synthesis by omission from samples of respiratory substrate (Sample 13) or CTR (Samples 3 and 4), 
leads to ammonia accumulation, The amount of excess ammonia is approximately equivalent to the decrease 
of the urea rise in comparison with the corresponding complete samples (Sample 9), Experiments with use of 
benzoic acid as specific inhibitor, suppressing the action of D-amino acid oxidase and glycine oxidase, showed 
that urea formation from D-AS and D-PhAL {fs abolished in thr presence of benzoic acid, and ammonia accumu- 
lation does not occur, At the same time benzoic acid does not influence urea synthesis from CTR and NH,Cl and 
consequently, does not exert a non-specific toxic effect on the homogenate, All these experiments indicate 
that nitrogen of D-amino acids is utilized in the second stage of urea synthesis after its preliminary cleavage in 
the form of NH3, as a result of deamination of these amino acids by D-amino acid oxidase. 


In contrast to this, in experiments with most of the amino acids of the L-serles (CTR, AS, GL, AL, PhAL, 
proline, lysin) and glycine, in those samples where urea synthesis is suppressed by any of the methods indicated 
(in samples with NH,OH or methyl-AS, without CTR or fumarate), the ammonia content is not higher than the 
ammonia content in samples of corresponding composition, but not containing the indicated amino acids. ]t 
is evident that these amino acids, introduced into samples in concentrations close to physiological, are not 
deaminated by liver tissue, although under the same experimental conditions they are utilized effectively as 
N-donors for conversion of CTR to urea. 


Conversion of nitrogen of these amino acids to AS and further to urea occurs through transamination reactions, 
without intermediate ammonia formation, 
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TABLE 2 


Utilization of Nitrogen of Certain Amino Acids in Urea Formation from Citrulline in Liver 
Homogenates under Various Conditions. 
For experimental conditions see Table 1. 


Supplements to samples 


J | Without supplement (homo- 
genate+ATP+ MgSOg+EDTA] —. 
3 | N-Donor 
5 | CTR; fumarate 5.2 
6 | CTR; fumarate; NH,OH 2 
8 | CTR; fumarate; N-donor 10. 
9 | CTR; fumarate; N-donor; 


BoD oO 


OH 

i fumarate: N-donor; 

nzoic 

12 | CTR; fumarate; benzoic 
acid 

73 | CTR; N-donor = 


wo onol 


| 
1 | 


*In experiments with histidine the homogenate was prepared without addition of EDTA. 


The L- and D-isomers of serine behave somewhat differently. From D-serine neither urea nor ammonia 
is formed in the liver. As to L-serine, it is anN-donor in the second stage of urea synthesis (Table 2); in the 
absence of CTR (Sample 3) ammonia is formed from L-serine. In the sample with CTR, fumarate and NH,OH, 
not only is urea formation suppressed, but also ammonia formation from L-serine (compare Samples 1, 3 and 8 
Table 2). This is linked with the fact that L-serine is deaminated in a nonoxidative reaction by the phospho- 
pyridoxal enzyme (serine dehydrase), whose action is inhibited by hydroxylamine. 


In experiments with glycine, benzoic acid does not influence urea formation, in contrast to NH,OH, in the 
presence of which conversion of glycine to urea is suppressed (Samples 6 and 9, Table 2); deamination of glycine 
is not observed in a single incubated sample. The data presented make it possible to exclude participation of 
glycine oxidase in glycine dissimilation in liver; they indicate that glycine nitrogen is converted to urea through 
transamination reactions without intermediate ammonia formation, 


The ammonia formation noted above from L-histidine during inhibition of urea synthesis occurs as a result 
of anaerobic cleavage of this amino acid by a specific enzyme (“histidase” or histidine deaminase), However, 
as indicated by the experimental results, shown graphically in Figure 1, L-histidine nitrogen can be transferred 
to urea not only after its splitting off by histidine deaminase, but also without conversion to ammonia, The 


action of histidine deaminase can be completely excluded by EDTA (107 M), which fs a specific inhibitor of 
this enzyme (10). 


As is evident from the data shown in Figure 1 (Samples II, III, VIII) ammonia is formed in liver homogenate 
from histidine, if CTR or respiratory substrate is absent from the system, or if NH,OH is added. Ammonia form- 
ation does not occur in samples in which EDTA is simultaneously added (Samples IV, X); this indicates that 
deamination was produced by histidine deaminase. In the complete system in the presence of L-histidine there 
is formed on the average 11 micromoles of urea (Sample VII); with addition of NH,OH urea synthesis ts reduced 
to 4.8 micromoles (almost as much urea fs formed in the corresponding sample V, not containing histidine), and 
the amount of NII; fs increased from 6 to 11.8 micromoles (compare samples VIII and VII), At the same time 
in sample IX, where histidase deamination of L-histidine is completely suppressed by EDTA, urea synthesis 
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proceeds at the same level as in the complete Sample VII without EDTA. With simultaneous addition of EDTA 
and NH,OH, that is with inhibition of both histidase deamination and also transamination, there is formed from 
L-histidine neither urea nor ammonia (Sample X, compare with Sample V). These experiments indicate that 
histidase deamination with subsequent utilization of ammonia, on the one hand, and transamination — on the 
other, represent two alternative steps on the pathway of conversion to urea of the amino group nitrogen of his- 
tidine in the second stage of the ornithine cycle. 
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Fig. 1. Formation of urea and ammonia from L-histidine in liver homogenate. 
Samples contained the homogenate, ATP, MgSO, and the supplements; I) fumar- 
ate; II) fumarate, histidine; IIL) CTR, histidine; IV) fumarate, histidine, EDTA; 
V) CTR, fumarate; VI) CTR, fumarate, NH,OH; VII) CTR, fumarate, histidine; 
VIII) CTR, furnarate, histidine, NH,OH; IX) CTR, fumarate, histidine, EDTA; 

X) CTR, fumarate, histidine, EDTA, NH,OH,. 


Role of a-Ketoglutaric Acid in the Second Stage of Urea Synthesis in Amino Acid 


Dissimi}jation in Liver Tissue 


It was shown above that NH,OH inhibits urea synthesis from CTR and ammonia, added to the homogenate 
in the form of NH,Cl or formed as a result of oxidative deamination of D-amino acids (or nonoxidative deamina- 
tion of certain L-amino acids, for example L-histidine). These observations indicate that ammonia nitrogen in 
the process investigated can nct be transferred to the NH,-group of AS as the result of direct amination of OA; 
most probably there is an indirect mechanism of amination of OA, which consists in amination of KG by glutamic 
dehydrogenase with subsequent transamination between GL and OA ( “transreamination” [5]). 


With respect to transfer of nitrogen of natural monocarboxylic amino acid: to AS without intermediate 
ammonia formation the question also arises, whether this transfer proceeds by direct, single-step transamination 
between these donors and OA, or whether a 2-step transamination is necessary with participation of KG as inter- 
mediate acceptor of the NH,-group. If the conversion KG —>GL is an obligatory link in conversion of nitrogen 
of ammonia and of monocarboxylic acids to AS, then under conditions which exclude the possibility of KG form- 
ation, there should be in liver homogenate an inhibition of urea formation from CTR and all N-donors, with the 
exception of L-AS and L-GL (and also proline, which is readily converted by oxidation toGL), The inhibition of 
urea synthesis produced should be overcome by addition of KG to the incubated samples.. 


In order to exclude from the experimental system KG, which is readily formed in reactions of the citric 
acid cycle from respiratory substrate (fumarate) and from certain amino acids, at the suggestion of Professor 
A. E. Braunstein, we made use of the possibility of interrupting the citric acid cycle at the stage which precedes 
KG formation, by means of fluoroacetic acid [5}. 


Fluoroacetic acid, entering the citric acid cycle, is converted to fluorocitric acid, which strongly inhibit 
the action of aconitase and thus prevents KG formation froin citric acid and its precursors [11]. 


Sodium fluoroacetate (FA) was added to samples with liver homogenate containing EDTA (final concentra- 
tion of FA 5- 107° M). Samples with FA and without it (controls) were incubated 15 minutes in an atmosphere of 
oxygen in the presence of fumarate, ATP and MgSO,, in order to assure formation of fluorocitric acid, Then the 
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TABLE 3 


Effect of Fluoroacetate (5+ 107* M) on Conversion of Citrulline to Urea in Liver Homogenate.,, 
Experimental conditions — see Table 1; all samples contained, in addition to supplements 


indicated in the table, ATP, MgSO, and EDTA 
16.2) 5.7) 15. 
1.8}18.2) 5. 
2.5 15. 0 
14.6] 6.2 


vessels were immersed in ice, substrates (CTR, N-donors, etc.) were added, they were saturated with O,, and 
incubation was continued for an hour, 


Supplements to sample 


CTR; fumarate; N-donor 
CTR; furnarate; N- FA 


hoglyceric 
CTR; fumarate; N-donor; 


‘acid 
CTR; fumarate; N-donor; 


aA 


The results of these experiments, given in Table 3, show that urea formation from CTR and GL, as might 
be expected, is not reduced in the presence of FA (Samples 1 and 2). With use of fumarate as respiratory sub- 
strate FA produces complete inhibition of urea formation from NH,Cl, L-AL, D-AL and — unexpectedly — also 
from L-AS. And where NH,Cl or D-AL was utilized in the samples incubated with FA, there is observed an 
increase of ammonia content, equivalent to the decrease of urea synthesis. With introduction of KG into samples 
in addition to fumarate (Sample 5) or instead of fumarate (not shown in table) the inhibiting action of FA ts 
decreased. The unforeseen inhibition of urea formation from AS by means of FA can not be attributed to dis- 
turbance of transamination reactions due to absence of KG, since AS reacts with CTR directly. It can be assumed 
that this inhibition is caused by disturbance of respiratory resynthesis of ATP (necessary for synthesis of argin- 
inesuccinic acid) as the result of blocking by FA of oxidation of respiratory substrate at the citric acid stage. 

An attempt to assure ATP resynthesis under these conditions by introduction into samples of an additional source 
of high-energy phosphate residues in the fornt of phosphoglyceric acid (20 micromoles) and thus remove the 
inhibiting action of FA in experiments with AS was not successful (Samples 3, 4, 5), However, it must be taken 
into account that, as Ratner [2] notes, phosphoglyceric acid under the given experimental conditions acts chiefly 
as a source of pyruvic acid, and not as donor of energy-rich phosphate groups. 


The inhibiting action of FA on urea formation from CTR and AS does not permit any definite conclusions 
to be made from these experiments concerning the role of KG as carrier of the NH,-group in transfer to L-AS 
of nitrogen of ammonia and various amino acids, 


In order to reach a solution of this problem, a series of additional experiments was done, in which dissimi- 
lation of certain amino acids, i. e., L-AL, D-AL and glycine, in liver homogenate under various conditions was 
studied by measurement of the decrease of these amino acids by specific photometric methods [1, 2), parallel 
with determination of urea and ammonia, Homogenate samples (stabilized with ATP, MgSO, and EDTA) were 
incubated, containing one amino acid, in the presence of fumarate, of fumarate and CTR (complete system of 
urea synthesis), and also samples to which, in addition, was added FA without KG or with KG. Results of experi- 
ments of this type are given graphically in Figure 2, where in the form of columns fs shown the decrease of amino 
acid in percent (its content in the sample, analyzed before incubation, is taken as 100%), 


From this diagram it is evident that L-AL, added to liver homogenate without fumarate and CTR (I), does 
not disappear to any extent during incubation for 1 hour; the small decrease of L-AL must be attributed to trans- 
amination with endogenous keto acids. Addition of fumarate leads to considerable decrease of L-AL without 
increase of urea or NH, evidently attributable to transamination with keto acids, arising during fumarate oxida- 
tion (Sample Il). This decrease of L-AL ts reduced to less than half, if together with fumarate FA (III) is added, 
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With addition of KG to the sample with FA and fumarate the decrease of L-AL again increases (IV). In the 
sample where the presence of all necessary cofactors, fumarate and CTR assures urea synthesis (V) 98% of the 
L-AL disappears; NH,OH under these conditions completely suppresses dissimilation of L-AL (VI). 


00 
60 
20 


% decrease of L— Al 


%o decrease of 
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Fig. 2, Dissimilation of L-AL, D-AL and glycine in rat liver homogenate 

The content of the corresponding amino acid in the unincubated sample is taken 
as 100%: I) without supplements; II) fumarate added; III) fumarate and FA; 
IV) fumarate, FA and KG (A); CTR and fumarate (B); CTR (C); V) CTR, 
fumarate (A andC); CTR, fumarate, NH,OH (B); VI) CTR, fumarate, NH,OH, 


Analogous results were obtained in experiments with glycine. With addition to the homogenate of glycine 
alone its dissimilation during the experimental period is insignificant (I). In the sample with fumarate the 
glycine decrease reaches 18% (II), while this decrease is reduced in the presence of FA (III). In the sample with 
fumarate and CTR (IV) glycine decrease reaches 32%; hydroxylamine under these conditions inhibits the glycine 
decrease nearly completely (V). 


In identical experiments with D-AL there occurs disappearance of nearly the same amount of AL in all 
samples (I — VI), while in the complete sample with CTR and fumarate (V), urea is formed, and in the others ~ 
ammonia. Neither the presence of respiratory substrate (II), CTR (IV), NH,OH (VI) nor addition of FA (HI) 
influences the magnitude of the D-AL decrease. Alanine decrease is somewhat increased only in sample V. 


DISCUSSION OF RESULTS 


To determine the role of transamination reactions in conversion to urea of the nitrogen of various amino 
acids in the first series of experiments we attempted to utilize liver tissue of rats with vitamin B, deficiency, 
on the basis of the participation of phosphopyridoxal in the action of aminopherases,and of the data of Berezov [6] 
on disturbance of urea formation in vitamin Bg-deficient rats. 


However, we did not observe in liver homogenates of rats with marked vitamin Bg deficiency either de- 
crease of urea synthesis from amino acids and citrulline, or a significant decrease of activity of aminopherases 
(in a study by the method of paper chromatography), These results are in agreement with the data of McHenry 
and coworkers [7, 8] on the absence of disturbances of urea formation in vivo and in liver slices in vitamin Bg- 
deficient animals. Comparison of our data with those in the literature on the residual activity of liver amino- 
pherases in vitamin B, deficiency with physiological values of urea formation shows that even in profound vitamin 
Bg deficiency disturbance of transamination processes does not reach such a degree as to be reflected in urea 
synthesis, According to the data of McHenry et al., transamination values in liver, expressed in the so-called 
Warburg coefficients (Qrransamination) 4% teduced in vitamin Bg deficiency in the reaction GL = AS with an 
average Q = 350 (in the normal) to Q = 170, and in the reaction GL=—AL with Q = 270 to Q = 98. It fs evident 
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that the activity of aininopherases which has been retained is ainply sufficient to assure urea synthesis, the inten- 


sity of which in liver slices, according to data of the same authors, is expressed by values (Qurea formation) of 
1-8. 


Application of a number of methods which disturb urea formation in liver hom: genates of normal rats 
provided an opportunity to make definite conclusions with respect to the mechanism of dissimilation of various 
amino acids in liver and with respect to the pathways of utilization of this nitrogen in the second stage of urea 
synthesis. Inhibition of transamination reactions by hydroxylamine wr by other carbonyl poisons suppresses urea 
formation from CTR at the expense of the nitrogen of anumonia and all amino acids tested, except AS. It follows 
from unis, that tansaimination reactions participate in transfer of the nitrogen of all these donors to AS. During 
blockage of synthesis of argininesuccinic acid ("Ratner's reaction”) by an antimetabulite of AS — a-methyl- 
aspartic acid, and also during omission from the system of respiratory substrate or CTR, there is disturbance of 
urea formation from all N-donors, including AS. In experiments with D-amino acids inhibition of urea synthesis 
by any of the methods mentioned is accompanied by accumulation in the samples of an equivalent amount of 
aminonia; the greatest ammonia accumulation is observed in samples without respiratory substrate, where the 
possibility is excluded not only of urca synthesis, but also of utilization of NII, fer amination of keto acids, aris- 
ing in the citric acid cycle. Thus in disturbed urea synthesis the deamination of D-amino acids is apparent. 
This represents a necessary link in dissimilation of D-amnno acids in liver and in conversion of their nitrogen to 
urea: during inhibition of Krebs* D-amino acid oxidase by benzoic acid not only is urea synthesis from D-amino 
acids completely abolished, but also their deamination, 


In experiments with L-amino acids the inhibition of urea synthesis is not accompanied (for a few exceptions, 
sce below) by ammonia formation, Our experimental data lead to the conclusion that in physiological concen- 
trations (7- 107° M) glycine and the L-isomers of CTR, AS,GL . AL, PhAL, proline, lysine (and other amino acids) 
are practically not deaminated in liver homogenates, At the same time their nitrogen is readily converted under 
the same conditions to urea without intermediary ammonia formation, being transferred as a result of transamin- 
ation reactions to AS, which further reacts with CTR in the second stage of the ornithine cycle. 


By this pathway in liver homogenate are dissimilated rapidly and in considerable quantities amino acids, 
such as lysine and glycine, whuse breakdown, according to the data in the literature, in surviving mainmalian 
liver tissue under other conditions proceeds very slowly and is usually detected only by the isotope method. 


Direct oxidative deamination of GL and transdeamination of certain ouier amino acids with participation 
of GL dehydrogenase (5, 13] occur to an appreciable extent only at high substrate concentrations and at alkaline 
pH values. Under more physiological conditions these processes, apparently, do not play an essential part in 
nitrogen dissimilation of amino acids in liver tissue since, under these conditions, the action of GL dehydrogenase 
is chiefly in the direction of GL synthesis. Nor does oxidative deamination take part in glycine dissimilation in 
liver; this is confirmed by the fact that benzoic acid, which inhibits the action of glycine oxidase, does not 
disturb urea. formation from glycine. 


The fact that dissimilation of natural amino acids in liver actually proceeds chiefly by way of transamina- 
tion and conversion to urea through AS has been shown, with L-AL and glycine as examples, by experiments, in 
which parallet with determination of formation of NH and urea the decrease of these amino acids (Figure 2) was 
measured directly, Disappearance of L-AL and glycine occurs on an appreciable scale only when the possibility 
of transamination is assured (in the presence of fumarate), and it is significantly increased when the irreversible 
conversion of AS to urea prevents setting up an equilibrium in the reversible reactions of transamination (that fs, 
with addition of CTR). Inhibition of decrease of L-AL and glycine by FA and removal of this inhibition by addi- 
tion «f KG indicate that in dissimilation of these amino acids (and probably also in other cases) there fs no direct 
transfer of the NII,-group to OA, but a 2-step transamination with participation of KG (GL). FA inhibits urea 
formation from CTR and amino acids (except GL), but this does not permit a definite conclusion to be made 
concerning the obligatory participation of KG in nitrogen transfer under the given conditions , since FA also sup- 
presses urea synthesis in the homogenate from AS and CTR, 


In urea formation from certain natural ainino acids, besides transamination reactions, specific meclanisms 
of anaerobic deamination play a definite (past, as is shown by the results of our experiments with L-histidine and 
L-serine, During inhibition by hydroxylamine of transamtnation and wrea synthesis from L-histidine, as a result 
of its cleavage by histidase (histidine deaminase), ammonia is formed, However, complete inhibition of histidase 
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deainination by EDTA does not disturb urea formation from L-histidine, Evidently nitrogen of the L-histidine 
amino group is utilized in the second stage of urea synthests by two parallel and mutually replaceable pathways — 
with intermediary histidase deamination and through transamination reactions without splitting off of ammonia, 


From L-serine in liver homogenate in the absence of CTR ammonia is formed, If urea synthesis fs suppress- 
ed by NH,OH, ammonia formation from serine is absent, since hydroxylamine inhibits, together with transamination 
nonoxidative deamination of L-serine by serine dehydratase [5}. 


It is entirely probable, in dissimilation of the L-isomers of threonine, cysteine, cystathionine and methio- 
nine in liver and in nitrogen utilization in the second stage of urea formation, just as in the case of serine which 
we studied, that a part is played by nonoxidative cleavage of ammonia from these amino acids by the action of 
the pyridoxal enzymes [5]. Nor is conversion to urea without ammonia cleavage, through transamination reac- 
tions, excluded for certain of these amino acids, for example L-methionine and, perhaps, L-serine [14]. 


As we have seen, ammonia, formed as the result of nonoxidative cleavage of L-histidine or of oxidative 
deamination of D-amino acids, or added to the homogenate, in the presence of hydroxylamine, does not disappear 
and is not utilized for conversion of CTR to urea. 


This fact, in agreement with the results of other studies carried out in our laboratory and with the data of 
Ratner [3], indicates that ammonia nitrogen is converted in the liver to AS not by means of direct amination of 
OA, but with participation of aminopherases, as a result of transreamination (Braunstein [5]). The KG necessary 
for this is formed in the citric acid cycle from added respiratory substrate (fumarate), In the work of Azarkh [13] 
it was shown by direct experiments, that FA, which inhibits KG formation in the citric acid cycle, suppresses 
utilization of NH, for amination of OA and pyruvic acid in liver tissue, but does not inhibit amination of KG. 


It is evident from what has been said, that in breakdown of natural amino acids in mammalian liver 
oxidative deamination does not take an essential part. In their dissimilation the chief role is played by indirect 
conversions, mediated through transamination, in accordance with the concepts developed by A. E. Braunstein 
and coworkers. 


Nitrogen of the majority of natural amino acids during their dissimilation in liver is transferred as a result 
of the transamination reaction to L-AS, which is then utilized in the second stage of the ornithine cycle as the 
only direct source Of half of the urea nitrogen. Transfer of nitrogen of L-AL, glycine and other monocarboxylic 
amino acids to AS proceeds, apparently, in two steps, with intermediary formation of GL, Nitrogen of certain 
amino acids, which can undergo in liver direct nonoxidative cleavage with ammonia formation (histidine, 
serine and others), is also utilized in the second stage of urea formation only through participation of transamina- 
tion reactions, inasmuch as conversion of ammonia to AS proceeds through GL, by means of transreamination, 


From this it follows that nearly half of the nitrogen of proteins broken down in the organism, which is 


excreted in mammals in the form of urea, enters the structure of the latter without intermediary conversion to 
free ammonia. 


A question arises concerning the origin of the ammonia, necessary for conversiou of ornithine to citrulline 
in the first stage of urea synthesis. If it is taken into account that oxidative deamination of L-amino acids in 
liver is not a substantial source of ammonia, and that amino acids, susceptible to anaerobic deamination, repres- 
ent only a simall part of the protein molecule, then it must be admitted that the main mass of ammonia, which 
serves as the source of half the nitrogen of urea in the first stage of its synthesis, is formed outside the liver - 
as a result of deamination (direct and indirect) of amino acids in various organs and of breakdown of other 
nitrogen compounds, This ammonia must enter the liver with the bloodstream,: chiefly in the form of the amide 
group of glutamine, which is hydrolyzed in liver by the corresponding enzyme systems. 


SUMMARY 


In liver homogenate of vitamin Bg-deficient rats urea forination from citrulline and various amino acids fs 
not disturbed, which is explained by the high residual activity of aminopherases, Inhibition of transamination 
reactions by carbonyl reagents (NH,OH, tsonicotinylhydrazide) strongly suppresses urea synthesis from CTR and 
all N-donors (ammonia, amino acids) studied, except L-AS. 
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a-Methyl-DL-aspartic acid suppresses urea synthesis from CTR and from all N-donors, even including 
L-AS. Methyl-AS acts as an antimetabolite of AS in the condensation reaction of the latter with CTR, 


During tnhibition of urea synthesis (in the presence of NII,OI or methyl-AS; in samples without CTR or 
respiratory substrate) Hver homogenate forms ammonia from L-amino acids and does not form tt from glycine 
and most D-amino acids, 


Benzoic acid — specific inhibitor of the flavine oxidases of glycine and D-amino acids — docs not inhibit 
glycine utilization in the second stage of urea synthesis, but suppresses formation of urea (and of ammonta) from 
D-amino acids. 


Nonoxidative deamination may precede utilization of nitrogen of certain L-amino acids (e. g., histidine, 
serine) in the second stage of urea formation. Upon suppression by EDTA of histidase deamination the amino 
nitrogen of L-histidine is utilized in the second stage of the ornithine cycle through transamination reactions. 


The total of the experimental results indicates that in liver tissue all N-donors react with CTR in the sec- 
ond stage of urea synthesis only after conversion of their nitrogen to L-AS. Most of the natural amino acids in 
physiological concentrations are not deaminated in liver homogenate; AS and, further, urea is formed from them 
in liver almost exclusively by way of transamination, and from ammonia — by means of transreamination, 
through GL. The D-isomers of amino acids first undergo oxidative deamination, and certain L-amino acids are 
in part deaminated in nonoxidative reactions. 


In transfer of nitrogen of monocarboxylic acids to AS, judging by the data obtained upon inhibition by FA 
of KG formation, a significant, if not the principal, part is played by 2-step transamination reactions with parti- 
cipation of KG as intermediary carrier of NH,-groups. 


I am grateful to Professor A. E. Braunstein for the guidance of this work. 
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MECHANISM OF DISTURBANCE OF TYROSINE OXIDATION IN THE LIVER IN 
PROTEIN DEFICIENCY’ 


V. S. Kazantseva*® and S. Ya. Kaplansky 


Laboratory of Physiological Chemistry, Institute of Biological and Medical 
Chemistry, Acad, Med. Sci. USSR, Moscow 


In a previous study from our laboratory [1], it was established that one of the earliest manifestations of 
protein deficiency in animals is a marked disturbance of oxidation of tyrosine and phenylalanine in the liver. 
In discussion of the question of possible causes of this disturbance, we suggested that one of the factors producing 
it is an endogenous avitaminosis C, which in rats always accompanies protein deficiency [2]. 


Participation of ascorbic acid in the process of tyrosine oxidation in liver was established a relatively long 
time ago [3]. In recent years there has been obtained sufficiently convincing evidence of the fact that ascorbic 
acid is necessary for conversion of p-hydroxy -phenylpyruvic acid, which is formed in the first stage of tyrosine 
oxidation in liver by means of transamination with ketoglutaric acid, to 2,5-dihydroxyphenylpyruvic acid, which 
appears as the next intermediate product of tyrosine oxidation, In a study of Williams and Sreenivasan [5] data 
were further obtained which showed that ascorbic acid probably takes part in another step of tyrosine oxidation, 
namely at the stage of cleavage of homogentisic acid with formation of fumarylacetoacetic acid. In the same 
study a scheme of tyrosine oxidation is given, according to which a necessary cofactor in this process is glutathione 
as well, which takes part, according to the data of the authors, in the reaction of conversion of 2,5-dihydroxy- 
phenylpyruvic acid to homogentisic acid. In recent work of Knox and Edwards [6] the data with respect to 
participation of glutathione in the process of tyrosine oxidation were confirmed, but these authors showed that 
glutathione is necessary, not for conversion of dihydroxyphenylpymvic acid to homogentisic acid, but participates 
in the reaction of oxidation of homogentisic acid, acting as an activator of the specific oxidase for this acid. 


Data concerning the role of glutathione in the process of tyrosine oxidation permit the suggestion that dis- 
turbance of tyrosine oxidation in protein deficiency may be a consequence of the decreased amount of reduced 
glutathione in liver, inasmuch as in the work of Shamshikova and Sinitsina-Ioffe [7] it was shown that glutathione 
synthesis in liver in protein deficiency is markedly lowered or completely abolished. It has also been impossible 
to exclude the suggestion that the primary cause of disturbance of tyrosine oxidation in protein deficiency is dis- 
turbance of one or several proteins - components of enzyme systems, participating in the complex process of for- 
mation of the final products of tyrosine: metabolism — acetoacetic acid and fumzric acid. Inasmuch as decrease 
of tyrosine oxidation is a constant accompaniment of nutritional disturbances in animals and man and of the 
associated disorders of liver function, the clarification of the mechanism of this disturbance was of a certain 
theoretical and practical interest. The data obtained on this question are presented below, 


EXPERIMENTAL METHODS 


The experiments were done on white rats, 120-150 g, maintained on a low-protein diet (3% protein), the 
tomposition of which has been described previously [8]. When marked symptoms of protein deficiency appeared 
in the animals and the protein content of the blood serum fell below 5%, they were killed and slices or homo- 
genates were prepared from the liver in the usual way. Liver preparations were incubated in Ringer-bicarbonate 
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buffer (pH 7.4) for 2 hours at 38° with tyrosine (2 mg per 200 mg of tissue), after which the unoxidized tyrosine 
was determined. Determination of tyrosine in most experiments was done by the method of Udenfriend and 
Cooper [9], which is more sensitive than the method of Armow which we used previously, The amounts of 
ascorbic acid, glutathione and other cofactors added to the incubation mixture varied in different experiments, 


EXPERIMENTAL RESULTS 


The data on the influence of ascorbic acid and glutathione on tyrosine oxidation by liver slices and homo- 
genates of normal rats and rats with protein deficiency are given in Table 1, 


TABLE 1 


Effect of Ascorbic Acid and Glutathione on Tyrosine Oxidation. 


Weight of slices — 200 mg; homogenate — 20 or 40%; amount of added ascorbic acid — 
1 mg, glutathione — 1.5 mg 


Tyroxine oxidation in “/ of initia 


without addition | with addition with addition 
Liver of cofactors of ascorbic acid of glutathione 
preparation 

K K K 

1%. Homogenate 25 9 34 42 
27 41 5 26 10 26 ii 

25 8.5 29 8.5 27 7 

40% Homogenate 30 6.5 37 7 37 6 

ss 42 13 40 15 40 13 

Slices 45 A 49 7 47 6 
a AA 8 50 412 46 41 
e 35 42 3A 14 38 10 
= 48 18 48 22 47 24 
Ab 0 Ab 3 46 0 
18 47 24 hh 20 


K — normal rats, 
O — rats with protein deficiency, 


As is evident from the data presented, tyrosine oxidation in liver slices of normal rats varied within the 
limits 40-50% of the initial amount, which corresponds completely with the data we obtained previously. 
Tyrosine oxidation in liver homogenates occurred with somewhat less intensity and varied within the limits 
25-40%, Neither addition of ascorbic acid nor addition of glutathione showed a perceptible effect on intensity 
of tyrosine oxidation in liver preparations of normal rats. This, of course, might be a result of the fact that in 


liver of normal animals the content of these compounds is sufficient for the process of tyrosine oxidation to proceed 
with maximal velocity under the given conditions. 


Tyrosine oxidation in liver of rats on a low-protein diet in nearly all the experiments was 3-4 times 
lower than in normal rat liver, It should be noted that protein deficiency in all animals of this series was very 
marked and protein content of serum did not exceed 4.5%. Determinations of ascorbic acid in liver of these 
animals carried out incertain experiments showed that its amount was also sharply reduced and was only 30-35% 
of normal. Addition of ascorbic acid and glutathione to liver tissue of the experimental rats in certain cases 
showed an effect on intensity of tyrosine oxidation, but this effect was scldom observed and was evident to only 
an insignificant extent. This, of course, does not mean that deficiency of ascorbic acid or glutathione has no 
effect on tyrosine oxidation in liver of animals on a low-protein dict, but indicates only that under the given 
conditions tyrosine oxidation ts }imited by some other factor, also necessary for the normal course of the process. 
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To determine this factor we decided to follow the intensity of the individual reactions, the total of which 
leads to formation of the final products of tyrosine oxidation. As is known, the first reaction in this sequence is 
transamination of tyrosine with kctoglutaric acid. We have shown previously (8) that various enzyme systems of 
transamination ate disturbed to a considcrable degree in dietary protein deficiency. This provided a basis for the 
assumption that in fact the disturbance of the transamination reaction of tyrosine with ketoglutaric acid is the 
cause of the sharp decrease in intensity of tyrosine oxidation in liver of animals on a low-protein diet. - 


To clarify this problem special experiments were carried out, in which to liver slices and homogenates, 
during incubation with tyrosine, besides ascorbic acid and glutathione, ketoglutaric acid was also added and thus 


favorable conditions were created for the transamination reaction of tyrosine. The results of these experiments 
are given in Table 2, 


TABLE 2 


Effect of Ketoglutaric Acid on Tyrosine Oxidation in Liver Slices and Homogenates of 
Rats on a Low -Protein Diet. 


Weight of slices — 250 mg; amount of added ketoglutaric acid — 2 mg, ascorbic acid — 
1 mg, glutathione — 1.5 mg 


Tyrosine oxidation 
in % of initial | 


yrosine oxidation 
% of initial 


Se 


Ss | sas Ss il 
Slices 13.0 37.8 47 Slices 14.3 37.5 58 
4 . as | 2 
12.4 25.5 45 12.0 | 34.3 42 
17.0 40.0 48 


The data, presented in Table 2, definitely show that addition of ketoglutaric acid to liver slices and 
homogenates of rats on a low-protein diet, restores to a considerable extent their activity with respect to 
tyrosine oxidation. If to the liver preparations ketoglutaric and ascorbic acids were both added, then, as a rule, 
the intensity of tyrosine oxidation reached normal or even exceeded it. In a series of experiments, carried out 
with liver preparations of normal rats, we were also able to show an increase of tyrosine oxidation by addition of 
ketoglutaric and ascorbic acids, but this increase usually did not exceed 20-25%, The results of the experiments 
given above indicate quite convincingly that the primary cause, leading to disturbance of tyrosine oxidation in 
liver of rats with protein deficiency, is deficiency of ketoglutaric acid. The function of the enzyme system, 
which catalyzes transamination between tyrosine and ketoglutaric acid in protein deficiency, evidently either is 
entirely undisturbed, or is disturbed only to an insignificant extent, since addition to liver tissue of the respective 


animals of ketoglutaric acid alone in many experiments was sufficient to restore completely the process of 
tyrosine oxidation. 


As for the role of ascorbic acid deficiency, as is evident from the data given in Table 2, this is apparent 
only in the presence of sufficient quantities of ketoglutaric acid, Inasmuch as in the presence of this acid 
tyrosine transamination by liver preparations of rats with protein deficiency is considerably increased, there are 
formed relatively large amounts of p-hydroxyphenylpyruvic acid, for whose further conversion to 2,5-dihydroxy- 
phenylpyruvic acid ascorbic acid is necessary, The considerable decrease in content of the latter in liver of rats 
with protein deficiency must lead under these conditions to accumulation of p-hydroxyphenylpyruvic acid and to 


inhibition of the process of transamination between tyrosine and ketoglutaric acid, that is, to decrease in intensity 
of the entire process of tyrosine oxidation. 
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In a number of cxpcriments we added to liver homogenates of rats with protein deficiency, besides 
ketoglutaric and ascorbic acids, also glutathione. Addition of this compound, however, increased tyrosine oxi- 
dation only to a small extent, from which it can be concluded that the amounts of glutathione, retained in liver 
of the experimental rats, are yct insufficient to assure a normal course of the process of tyrosine oxidation. 


Returning to the question of the role of kctoglutaric acid deficiency as the primary cause of disturbance of 
tyrosine oxidation in protein deficiency, it js necessary to point out one circumstance, which is of great importance, 
The fact is, that when we speak of ketoglutaric acid deficiency, this does not at all mean that the amount or 
concentration of ketoglutaric acid in liver of animals on a low-protein diet is less than in liver of normal 
animals, On the contrary, determinations of ketoglutaric acid content, specially conducted by N. N. Berczovskaya 
in our laboratory, showed that in ver of animals with protein deficiency ketoglutaric acid content is even greater, 
than in liver of normal animals (376 and 214 micrograms per 100 g of fresh liver tissue, respectively). This is not 
surprising, since in the first studics from our laboratory it was shown that oxidation of ketoglutaric acid and other 
keto acids, which are intermediate products of the citric acid cycle, are appreciably disturbed in animals with 
protcin deficiency. In connection with this in liver tissue a certain amount of ketoglutaric acid can accumulate, 
If, however, this amount is compared with the amount of free tyrosine which we found in liver (10-15 mg 4%), 
then it immediately becomes obvious that the transamination reaction between tyrosine and ketoglutaric acid in 
liver can proceed normally only if the content of the latter in liver is rapidly restored by means of reactions of 
the citric acid cycle or other processes. 


In the presence of very low ketoglutaric acid content in liver tissue,of primary importance to intensity of 
the transamination reaction, therefore, is not the change in concentration of ketoglutaric acid but the rate of its 
formation, In the first studies from our laboratory on the question of the effect of protein deficiency on oxidizing 
processes in liver, it was shown that many reactions of the citric acid cycle in this deficiency are markedly dis- 
turbed [2]. Thus it is possible to assume that the basic factor, causing disturbance of the process of tyrosine 
oxidation in liver in protein deficiency, is this decrease in amount of ketoglutaric acid, formed in the citric acid 
cycle. To check this assumption we carried out experiments, in which to liver slices of normal rats and rats with 
protein deficiency were added not ketoglutaric, but citric acid. The results of these experiments, presented in 
Table 3, clearly indicate that addition of citric acid to liver slices of normal rats appreciably increases tyrosine 
oxidation, We have pointed out previously, that addition of ketoglutaric acid to liver slices of normal rats in- 
creases tyrosine oxidation by 20-25%, while addition of citric acid produced an increase of 20-50% in intensity 


of tyrosine oxidation. Thus, addition of citric acid exerted on tyrosine oxidation an even somewhat greater effect 
than addition of ketoglutaric acid. 


A completely different picture was obtained with 
TABLE 3 ‘ 
addition of citric acid to liver slices of rats with protein 
Effect of Citric Acid on Tyrosine Oxidation deficiency. Whereas addition of ketoglutaric acid to liver 
in Liver Slices. slices of these animals restored the intensity of tyrosine 
Weight of slices 250 mg, amount of added oxidation to normal in the presence of ascorbic acid, 
citric acid — 4 mg, ascorbic acid — 1 mg addition of citric acid under the same conditions produced 
no effect. The results of these latter experiments can be 
Rats with pro- explained only by the fact that in liver of rats with protein 
Norma] Rats tein deficiency 


deficiency the formation of ketoglutaric acid from citric 
acid occurs so slowly, that the process of transamination 
between tyrosine and ketoglutaric acid can not proceed at a 
normal rate, 


Tyrosine oxidation In % of initial 


The data we have obtained, thus once more empha- 
size the role of the disturbances of the reactions of the 
citric acid cycle in the metabolism of individual amino 
acids, Inasmuch as the transamination reaction with keto- 
glutaric acid plays a large part also in the metabolism of 
other amino acids, besides tyrosine, it can be assumed that 
the mechanism of disturbance of their metabolism in protein 
deficiency or in other pathological processes, accompanied 
by decrease in intensity of the citric acid cycle, is analogous 
to that described above, 
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SUMMARY 


The primary cause, producing disturbance of tyrosinc oxidation in liver in protein deficiency, {s the decrease 
in rate of formation of kctoglutaric acid in the citric acid cycle, As a result of this the transamination reaction 
between tyrosine and ketoglutaric acid is disturbed, which is the first stage in the process of tyrosine oxidation, 


Addition of ascorbic acid alone to liver tissue of rats with protein deficiency increases only to a small extent 
the process of tyrosine oxidation, But addition of ascorbic acid together with ketoglutaric acid completely re- 
stores the intensity of tyrosine oxidation. 


Decrease in glutathione content in liver is not a limiting factor in the process of tyrosine oxidation in liver 
in protein-deficient rats, 
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SPEC TROPHOTOMETRIC METHOD OF DETERMINATION 
OF SMALL AMOUNTS OF ASCORBIC ACID IN 
AQUEOUS SOLUTION 


M.L. Tsap 


Physicochemical Laboratory, Kiev Scientific Research Institute 


of Labor Hygiene and Occupational Diseases 


The chemical methods described in the literature for quantitative determination of ascorbic acid (AA) 
can be subdivided into volumetric and colorimetric. 


The basis of the volumetric methods is reduction of an oxidizing agent by means of an equivalent 
oxidation of AA, Usually AA is oxidized by potassium iodate, iodine or the sodium salt of 2,6-dichlorophenol- 
indophenol [1]. On the same basis the volumetric methods of so-called ascorbimetry [2] have been developed, 
which permit determination of trivalent iron, chlorates, iodates, bromates and other oxidizing agents, 


The following belong to the group of colorimetric methods; a) the method based on reduction by AA of 
2,6-dichlorophenolindophenol and photometric determination of the amount of leuco-compound formed [3], 
and b) the method based on oxidation of AA by the yellow phosphomolybdic heteropolycomplex and measurement 
in the visible spectral range of color intensity of solutions of the blue heteropolymolybdic complex formed [4). 


The most widely used methods are designed for determination of relatively large amounts of AA. The 
sensitivity of these methods is inadequate for determination of micro quantitites of vitamin C, It should also be 
noted that use in analysis of 2,6-dichlorophenolindophenol involves the well-known difficulties and incon- 
veniences, caused by instability of titer and color of the indicator solution and diffuseness of the titration end- 
point, 


On the basis of our studies we have developed a rapid, sensitive spectrophotometric method for determi- 
nation of very small amounts of AA, based on its oxidation by the yellow phosphomolybdic heteropolycomplex 
with subsequent determination of the absorption in the near infrared spectral range of the solution of the blue 
complex formed, A high sensitivity and accuracy of determination of AA can be obtained with observance of 
optimal conditions for the course of the oxidation-reduction reaction. These conditions should assure more 
complete reduction of the yellow heteropolycomplex by AA, and, consequently, the obtaining of solutions with 
the greatest light absorption values. Obviously measurement of this value must be carried out in the spectral 
range where the molar coefficient of light absorption of the reaction product — the blue phosphomolybdic 
heteropolycomplex — reaches a maximum, i.e., in the range 825 — 837 my. The combination light filter SC -83 
which we chose permits isolation of a narrow band of infrared rays of the necessary wave length [5]. Spectral 
characteristics of the light filter are shown in Figure 1, 
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The sensitivity of AA determination by the blue hetcropoly- 
complex depends greatly on pH of the medium, temperature, con- 
centration of reagents and other factors, We have shown that sensi- 
tivity and accuracy reach a maximal value with H* concentration 
equal to 1,0 N. With lower concentrations of H*, AA reduces to 
molybdenum blue the molybdate not combined in the complex, 
which is usually present in the experimental solution together with 
the oxidizer — the yellow heteropolyacid, The presence of 
molybdenum blue impairs conditions for photometry and reduces 
accuracy and sensitivity of the determination. 


The rate of the process of AA oxidation by the phospho- 
molybdic heteropolycomplex at room temperature is not great. 
Heating of the experimental solution in a boiling water bath 
accelerates the process. Under these conditions the reaction is 
completed after 10 minutes. Light absorption values of the experi- 
mental solutions are stable for 2-3 hours. Stability of the light ab- 
sorption values of the experimental solutions is significantly in- 
creased if the solutions are protected from the action of atmospheric 
oxygen, 


Fig. 1. Transmission curve of com- 
bination light filter SC-83 in the 
near infrared spectral range. 


In the reaction of AA with the yellow phosphomolybdic heteropolyacid, the blue phosphomolybdic 
heteropolycomplex is formed [6]; the stoichiometric relation between the reactants should be 2:1, as is evident 
from the following equation: 


QC + Hy [P = 2CgHgOg + Hy [P 


In order to move the reaction equilibrium to the right and assure compliance of the experimental solutions 
to Beer's law, there must be in the solution a certain excess of oxidizing agent. Experiment has shown that in AA 
solutions, whose molar concentration is 10 ?-10~* mole/liter, the phosphomolybdic complex concentration in 
these solutions should be approximately 0.65 x 10-* mole/liter. 


DESCRIPTION OF METHOD 


Apparatus; 1) Spectrophotometer SF-4 or photocolorimeter of any type, equipped with silver sulfide 
photoelement of the FESS-U type, with cuvettes of depth 5-6 cm and with combination light filter SC-83. Type 
FA-52 [7] or FAK [8] photoelectric absorptiometer can also be used; 2) 10-ml graduated glass test tube with 
ground glass stoppers; 3) chemical glassware (calibrated flasks and burettes, cylinders, etc.); 4) water bath with 
test tube holders. 


Reagents; 1) Phosphomolybdic reagent; 1.03 g ammonium heptamolybdate and 0,047 g K,HPO, are dis- 
solved in 100 ml 1.7 N H,SO, the solution transferred to a 250-ml calibrated flask and filled to the mark with 
1.7 N H,SO,. It is kept in a bottle of dark glass. 2) Standard AA solution; 10 mg crystalline AA is dissolved in 
100 ml distilled water, 10 m1 of this solution transferred to a 100-ml calibrated flask and filled to the mark with 
distilled water. 1 ml of this standard solution contains 10g AA. 


All reagents must be prepared in water twice distilled over glass, free of traces of metals. 


Data for Construction of Calibration Curve 


In a series of graduated test tubes, with ground glass stoppers, were placed 6 ml phosphomolybdic reagent 
and various amounts of standard AA solution, such that the content of the latter in the tubes was 1-30 yg. 
Volume of liquid in tubes was made up to 10 ml with twice -distilled water. In one of the tubes, to serve as con- 
tro] ("zero") solution, no AA was added, Tubes were stoppered, shaken and placed without stoppers for 10 


minutes in a boiling water bath. Then they were cooled under a streain of tap water, the volume made up to 10 ml 


(with twice-distilled water) where necessary, again shaken and subjected to photometry. For this, one of a pair of 


previously calibrated cuvettes of the photoclectric potentiometer was filled with control solution, placed in position, 


and the galvanometer indicator set at zero or on the maximal scale division, depending on construction of the 
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instrument and method of measurement, Constancy of the instrument reading for the control solution (1.4) must 
be checked before cach absorption measurement of the experimental AA solution, At the same time the second 
cuvette of the pair was filled with the first standard solution and after measurement of the I, value, 1, for this 
— was determined, In the same way instrument readings (Ig, Iy...19) were made for the other standard AA 
solutions, ; 


The calculated light absorption valucs (E = log re and the corresponding exact AA conccatrations in the 
A. 
* standard solutions were used for calculation of the calibration curve (abscissae - AA concentration in pg; 


ordinates — light absorption value — E). 


A typical calibration curve for an aqueous AA solution is given in Figure 2 (line A). In the same figure is 
given the calibration curve for AA, dissolved in 10% NaCl solution (line B), Depth of the liquid layer in the 
cuvette was 6 cm, cuvette volume — 5 ml. 


The straight-line character of the calibration curve indicates compliance to Beer's law of the experimental 
solutions within AA concentration limits 1-30 yg in 10 ml of solution, Sensitivity of the determination — 0.5 yg 
AA. 


ANALYSIS PROCEDURE 


For determination of AA concentration in a solution 6 ml of phosphomolybdic reagent was placed in each 
of two graduated test tubes, then in one of them 1-4 ml of the experimental solution (depending on the estimated 
AA concentration) and liquid volume in the tube made up to 10 ml with twice -distilled water. To the other 
control tube distilled water was added instead of AA. Tubes were stoppered, shaken and placed for 10 minutes in 
a boiling water bath. All further procedures for preparation of solutions for photometry and measurements were 
carried out as has been described above. 
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Standing time in days 


Ascorbic acid in #g/10 ml 


Fig. 3. Relation of absorption values 
of ascorbic acid solutions to NaCl con- 


Pig. curves centration and standing time of solution: 


solutions: A) Ascorbic acid solution in water; 
A) in water; B) in 10% Nai ; 
) in water; B) O NaCl, B, C, and D) ascorbic acid solutions in 


1, 5, and 10% NaCL 


From the instrument readings and the calibration curve, the AA content was determined in the experi- 
mental solution, Total analysis time was 18-20 minutes. In serial analysis the time for one determination can 
be significantly shortencd, Certain data, which we obtained in checking the accuracy of the method, are given 
in the table, 
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Spectrophotoinctric Determination of Ascorbic Using this method, we made a study of the stability 
Acid (AA) of dilute AA solutions in distilled water and in 1, 5 and 10% 
NaCl. Concentration of AA in each of these solutions was 


AA in mg/l 
Difference ieee. 


added found in Hg For analysis 1 ml of each experimental solution was 
taken. The final volume of the sample was made up with 
water to 5 ml. The solutions were studied at the time of 

preparation and after one, three and four days. Results of 
the measurements are given graphically in Figure 3. 


As is evident from the data presented, stability of 
dilute AA solutions increases in proportion to increase in 
NaCl concentration up to 10%. Obviously for this reason 
the calibration curve for AA in 10% NaCl is located higher 
than the corresponding curve for the aqueous AA solution 
(see Figure 2). 


ty 


In conclusion it should be noted that for oxidation of AA, as well as the yellow heteropolyacid, another 
reagent can be used — an acid solution of ammonium heptamolybdate. The latter is reduced by AA and other 
reagents to molybdenum blue, with maximal light absorption in the range 700-725 my [5]. Optimal concentration 
of H* in AA oxidation by a 2x 10 * M ammonium heptamolybdate solution is 0.1N. Photometry should be carried 
out in the range 700-725 my. 


SUMMARY 


A spectrophotometric method is proposed for determination of small amounts of ascorbic acid in aqueous 
solution, The method permits determination of microgram quantities of ascorbic acid with an accuracy satis- 
factory for such concentrations, 


The method is based on oxidation of ascorbic acid by the yellow phosphomolybdic heteropolycomplex and 
measurement of the light absorption value of the reaction product — the blue phosphomolybdic heteropolycomplex 
solution — in the near infrared spectral range (X max = 825-837 my). 
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USE OF IONOPHORESIS IN COMBINATION WITH PAPER CHROMATOGRAPHY FOR 
IDENTIFICATION OF AMINO ACIDS IN NATIVE PROTEIN HYDROLYZATES 


Yu.V.Galaev and E.K.Alimova (Lubenets) 


Dept. of Biochemistry, Rostov Medical Institute 


For study of the amino acid composition of proteins in the last ten years a constantly wider use has been 
made of physicochemical methods of separation of amino acid mixtures; ionophoresis, adsorption and distribution 
chromatography, which is explained by the relative simplicity and accuracy of these methods. 


Distribution chromatography of amino acids on paper is the most effective of presently existing methods 
for qualitative and quantitative analysis of the amino acid composition of proteins. But this method does not 
always lead to complete separation of all amino acids in the mixture to be analyzed in one experiment. For 
complete separation of complex mixtures a number of experiments must be carried out with use of various 
solvents, which makes the procedure lengthy and laborious, Especially difficult to separate in this case are the 
diamino acids and such monoamino acids as leucine, isoleucine, phenylalanine. 


To remove this disadvantage the method of distribution chromatography on paper is sometimes combined 
with other methods of separation. Most frequently resorted to is a combination of distribution chromatography 
and ionophoresis of amino acids, in which ionophoresis either precedes distribution chromatography, or is com- 
bined in one operation with chromatography. 


Thus, Solovyev [1] first separated an amino acid mixture by ionophoresis into groups of neutral, acid and 
basic products. Each group was then analyzed by the method of distribution chromatography on paper. Haugaard 
and Kroner (2] combined ionophoresis and chromatography in one operation. 


Behavior of amino acids during paper ionophoresis at various pH values was studied in detail in work by 
Durrum 


In analyzing an amino acid mixture, obtained upon hydrolysis of lipoproteins of human brain tissue, we 
encountered the fact of insufficiently clear separation of amino acids by the method of distribution chrom- 
atography on paper. Obviously the admixture of various substances in hydrolyzate of brain lipoproteins interferes 
with separation of amino acids by this method. Attempts to get rid of interfering substances by extraction of the 
amino acids from dry residue of the hydrolyzate with acid acetone were not successful. 


In this connection the separation of this mixture was carried out by a combination of two methods — 
jonophoresis and distribution chromatography on paper. 


EXPERIMENTAL 


At the beginning of the work we tried to conduct ionophoresis and distribution chromatography in one 
operation. 


Strips of filter paper 570 X 120 mm were saturated in M/15 phosphate buffer, pH 6.2. Excess liquid was 
removed from the paper strips by pressing them between several sheets of filter paper. Along the long edge of 
the strip, electrodes were attached which consisted of aluminum strips 7 mm wide and 0.025 mm thick, The 
electrodes occupied */, the length of the paper strip. The mvist paper strip with electrodes was placed in 
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solvent (in a chromatographic vessel), Phenol, saturated with water, served as solvent, voltage 100 ¥, current 
strength 18-20 milliamperes. 


However, there was not sufficiently clear separation of amino acids by this method; first, phenol flow 
through the paper, saturated with buffer salts, was very slow; second, the salts, present in the paper as a result of 
its saturation with phosphate buffer, strongly interfered with separation of amino acids in phenol. As a consequence 
of this the ionophoresis procedure was separated from the chromatography, First the separation of amino acids 
was tested by paper ionophoresis in buffer solutions of various pH values. 


In the center of a strip of chromatographic paper 250 x 40 mm was applied the experimental amino acid 
or amino acid mixture, dissolved in water. The solvent was allowed to dry and then the strip was placed in an 
electrophoretic vessel for separation of proteins on paper. When the strips were saturated with buffer, iono- 
phoretic separation was conducted with voltage 350-400 v and current strength 0.5-1 milliampere per cm width 
of paper, for 6 hours. 


After completion of separation the paper strips were dried in a drying cabinet at 80-90", Location of 
amino acids was determined by spraying strips with 0.1% ninhydrin solution in butyl alcohol containing acetic acid. 
Of the buffer solutions with various pH values tested, we chose veronal buffer, pH 8.62, since results of separation 
in this buffer were the most satisfactory. 


In Figures 1 and 2 are given the results of study of the behavior of standard amino acids under our experi- 
mental conditions. 


Proline 
Glycine 


lysine 
Threonine 
Alanine 
a-Aminobut - 
ytic acid Phenyl- 
alanine 
Cystine Valine 
arginine 
Methionine Leucine 
Tryptophan Serine 
Histidine 
Tyrosine Isoleucine 


Fig. 1. Distribution of amino acids on paper after separation in veronal buffer, pH 8.62. 
Duration of separation — 6 hours, 


As is evident from the figures, first of all there occurs a clear separation of amino acids into three groups. 
Basic amino acids moved toward the cathode a considerable distance from the mid-line, In addition 6-hour 
ionophoresis led to individual separation of the basic amino acids. Arginine was closest to the cathode, lysine 
followed farther behind and histidine moved considerably slower. The dicarboxylic acids moved toward the 
anode; aspartic acid outdistanced glutamic acid, Also considerably displaced from the mid-line toward the 
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Fig. 2, Distribution of aspartic and glutamic acids after 6-hour 
separation in veronal buffer, pH 8.62. 


anode was cystine, but still lagging far behind the dicarboxylic acids. The amino acids threonine, methionine, 
tyrosine, serine and phenylalanine remained in their original position even upon longer ionophoresis. Proline, 
a-aminobutyric acid, tryptophan, glycine, alanine, valine, leucine and isoleucine, after 6-hour separation,were 
insignificantly displaced from the mid-line toward the cathode. 


While studying the behavior of indiyidual amino acids during paper ionophoresis we attempted to separate: 
a complex mixture of amino acids, in particular a protein hydrolyzate. In this we obtained a clear separation of 
amino acids into three groups — neutral, basic and dicarboxylic acids. In the group of basic amino acids there 
was attained, in addition, satisfactory separation into three individual amino acids, The dicarboxylic acids also 
gave two zones, corresponding to glutamic and aspartic acids, The zone corresponding to cystine was very 
prominent. The monoamino acids were distributed over a wide zone,occupying a central position, and in part 
displaced toward the cathode. 


The advantage of such separation of amino acids is that the presence of salts in the mixture to be 
separated does not interfere with analysis, while in separation of amino acids by the method of distribution 
chromatography salts are a great hindrance. For instance, we succeeded in separating amino acids of urine 
without preliminary removal of salts. This method can be used for a very simple and very rapid quantitative 
determination of the three groups of amino acids in proteins and in other experimental material. 


Having obtained entirely satisfactory results in ionophoretic separation of amino acids, we tried to combine 
ionophoresis and the method of distribution chromatography on paper. Chromatographic separation of amino 
acids in our procedure preceded ionophoresis. 


In final form the combination of the two methods consisted in the following. On a sheet of chromatographic 
paper 40 x 30 cm, 5 cm from the upper edge of the sheet along the mid-line, were cut out two rectangular open- 
ings 20x5 mm, 5 mm apart. On the narrow piece separating the openings was applied the solution of experi- 
mental amino acid mixture, then separation was carried out by the method of distribution chromatography. In 
this work both descending and ascending methods were used. Water-saturated phenol or buty] alcohol — acetic 
acid mixture (4;1;5) served as solvent. Two chromatograms were always set up, one of which was developed 
immediately after chromatographic separation, which made it possible to cut off those parts of the paper where 
there were no amino acids, and thus to decrease the size of the chromatogram, which was to be subjected to 
further separation. 
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The chromatogram freed of solvent was placed in an electrophorctic vessel, where in addition fonophoretic 
separation of amino acids was conducted for 6 hours. Then after drying, the chromatogram was developed with 
ninhydrin solution, 


As a result a two-dimensional chromatogram was obtained with sufficiently clear separation of basic and 
dicarboxylic acids. We have used the method described above for identification of the amino acids of lipo- 
proteins of human brain tissuc. 


Lipoproteins were obtained according to the method proposed by one of us for their extraction from 
bacterial cells (4). 


The brain of an individual, who died from trauma, was washed free of blood, brain membranes and large 
vessels were removed and the brain tissue was carefully divided into white and gray matter. For experiment 
were taken 80 g of white and 20 g of gray matter. Then both materials were ground with twice their weight of 
freshly prepared Nay SO,. The mass was spread in a thin layer on glass and after thorough drying was again 
ground and carefully extracted with ether, and then twice with chloroform. The residual mass after removal of 
traces of chloroform was extracted with a mixture of ethyl alcohol and chloroform (1:1). The alcohol- 
chloroform extract was filtered and concentrated in wide crystalli:.ing dishes in air at 18°, The residue after 
evaporation of solvent was washed with ether. 


Thus preparations were obtained of the lipoproteins of grav and white matter of brain. Preparations were 
of yellow color and friable consistency. Neither preparation was completely soluble in the original solvent or 
other organic solvents. A portion, soluble in alcohol-chloroform mixture, gave weak biuret and positive 
xanthoproteic reactions. The hydrolyzate, obtained by boiling with 6N H,SO, for 24 hours, gave positive 
ninhydrin, Sakaguchi, xanthoproteic reactions. 


For removal of the lipoid component from the lipoproteins both preparations were heated with a saturated 
solution of picric acid in a boiling water bath for one hour. Acetone was then added and the precipitates thus 
formed were removed by centrifugation, To remove excess picric acid they were washed with ether and then 
acetone, 


By this treatment there were separated from the lipoprotein of white matter of brain solid fatty acids of 
slightly yellowish color, from the lipoprotein of gray matter — liquid fatty acids of dark brown color, The sub- 
stance insoluble in acetone represented chiefly the protein portion of the lipoproteins, whose amino acid compo- 
sition we studied. 


The protein portion of the lipoproteins of gray and white matter of brain was hydrolyzed with 6N HC] for 
24 hours. The hydrolyzates were diluted with water, filtered and evaporated on a boiling water bath to as com- 
plete as possible removal of hydrochloric acid. 


With the purpose of comparing the results obtained the separation of the amino acids of the hydrolyzate 
was carried out by the method of one-dimensional chromatography, two-dimensional chromatography, the 
method of ionophoresis and a combination of chromatography and ionophoresis. Concentrations of the experi- 
mental material were in all cases the same. 


One-dimensional chromatography permitted detection of the presence of the following amino acids; 
cystine, aspartic acid, threonine, glutamic acid, alanine, tyrosine, valine and phenylalanine, A spot was ob- 
served on the chromatogram corresponding to the basic amino acids, but it was impossible to conclude that all 
three basic amino acids were present. These amino acids were found both in the hydrolyzate of lipoprotein of 
gray matter of brain, and of lipoprotein of white matter. Also insufficiently clear was the separation of aspartic 
acid, threonine and glutamic acid — the spots, corresponding to these amino acids, ran together. 


The two-dimensional chromatogram (solvents phenol — butyl alcohol-acetic acid) gave less satisfactory 
results than one-dimensional chromatography, Even considerably higher hydroiyzate concentrations did not lead 
to appearance of a greatcr number of spots. The two-dimensional chromatogram of hydrolyzates of lipo- 
proteins of gray and white matter had in all four spots. Three spots represented serine, glycine and basic amino 
acids. The fourth spot we did not identify. It was charactcrized by a position in front of serine with movement 
in butyl alcohol -acetic acid, and in phenol it was located at the same level as serine, 
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Ionophoresis of the experimental hydrolyzate permitted detcction of all three basic amino acids; 
arginine, lysine and histidine, Clearer separation of glutamic and aspartic acids was also obtained, 


In Figure 3 are presented tonophoregrams of hydrolyzates of lipoprotcins of gray and white matter. 


Fig. 3. Separation by ionophoresis of amino acids of hydrolyzate of lipo- 
proteins of white(A) and gray (B) matter of brain, 


Finally, the combination of the methods of chromatography and ionophoresis made it possible for us in one 
experiment to obtain satisfactory separation of an amino acid mixture. An unknown amino acid, detected on the 
two-dimensional chromatogram, was not identified. 


As a result of the study it has been shown that the amino acid composition of lipoproteins of gray and 
white matter of brain is the same. In them were detected cystine, arginine, lysine, histidine, aspartic acid, 


threonine, serine, glycine, glutamic acid, alanine, tyrosine, valine, phenylalanine and one unidentified amino 
acid, 


Judging by color intensity of spots, corresponding to the various amino acids, certain conclusions can be 
made concerning the quantitative content of individual amino acids, Thus, in both hydrolyzates the concen- 
tration of basic amino acids exceeds the amount of dicarboxylic acids, The amount of basic and dicarboxylic 
acids in the hydrolyzate of lipoprotein of gray matter is greater than in the hydrolyzate of white matter, In the 


latter the amount of neutral amino acids was relatively greater. 


SUMMARY 


The behavior was studied of various amino acids upon separation by the method of paper ionophoresis. 
By this method a complex mixture of amino acids can be separated into a number of groups. Such separation is 
distinguished by simplicity and rapidity of execution, 


A method has been developed for amino acid separation, which consists in preliminary separation by the 
method of one-dimensional chromatography with subsequent separation by the method of ionophoresis, Such 
combination of the two methods is especially effective for separation of basic and dicarboxylic acids, 


By means of the method developed the amino acid composition was studied of lipoproteins of gray and 
white matter of brain. There were detected in these preparations cystine, arginine, lysine, histidine, aspartic 


acid, threonine, serine, glycine, glutamic acid, alanine, tyrosine, valine, and phenylalanine. One amino acid 
present in both hydrolyzates was not identified. 
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ALLOXAN DESTRUCTION IN BLOOD OF ANIMALS 


R. I. Veksler 


Department of General and Analytical Chemistry, Kirov Medical 
Institute, Gorki 


It has been established by many studies [1] that alloxan is an excellent means for production of experi- 
mental islet diabetes. By utilizing this type of diabetes, it has been possible to clarify many unsettled questions 
associated with the origin and treatment of diabetes. A thorough study of the mechanism of action of alloxan is 
of great theoretical interest and may have a certain practical importance. The possibility of alloxan formation 
in man is not excluded, In the blood of normal man traces of alloxan can be found {1}. 


Alloxan introduced into the organism is very rapidly destroyed, Lazaris and Ugodchikova [2] have 
established that aftcr subcutaneous injection of alloxan into rats, it is not possible to detect it in the blood. 
Experiments with parenteral injection of alloxan into rats also provide evidence of its rapid destruction. However, 
Lazaris and Ugodchikova, in studying alloxan conversions in blood, could not completely solve this question, 
since they did not have available a sufficiently sensitive and specific method by which to detect minimal 
amounts of alloxan, 


In order to study the rate of alloxan destruction in blood we used the polarographic method proposed by us 
for its determination in whole blood, This method makes it possible to follow alloxan decomposition from the 
moment of its introduction into the blood and does not require preliminary precipitation of blood proteins. The 
latter is very important, since alloxan is rapidly destroyed — 3-4 minutes after its introduction into the blood its 
quantitative determination is impossible. 


Alloxan in whole blood was determined with background of buffer solution within limits of pH 6.2-5.5, at 
16°, The half-wave potential of alloxan under these conditions is equal to 0.1 V. The polarographic waves of 
alloxan and oxygen nearly coincide, hence oxygen interferes with the determination. To climinate oxygen, 
electrolytic hydrogen was passed through the solution, It has been established [3] that whole blood in the amount 
of 0.2 ml per 2 ml of background solution after further passage of hydrogen does not change the background wave, 
The diffusion current was always determined with account taken of the background wave. 


The method of polarographic determination of alloxan which we have used has made it possible to study 
its rate of destruction in blood in vitro and in vivo with time. In the in vitro experiments blood of white rats was 
used, stabilized with sodium fluoride. A freshly prepared, approximately 0.1 M solution of alloxan in physiologi- 
cal solution was used in the experiments. Blood taken after decapitation of animals in the amount of 0.3 ml was 
placed in a small crucible, covered with a watch glass and kept for 5 minutes in a water bath at 37°, Then 01 
ml of alloxan solution was added to the blood which was left in the water bath for a definite time. Then 0.1 ml 
of blood was removed with a micropipet and placed in the background solution, through which hydrogen had 
first been passed, The time from the moment of introduction of alloxan into the blood until introduction of 
blood into the background solution was timed with a stopwatch, Hydrogen was again passed through the back- 
ground solution and blood for 10 minutes, after which the polarogram was taken with galvanometcer sensitivity 
S = 1/5, capillary characteristic m = 1.889 mg/scc and t = 3.6 seconds, 
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Results of the experiments, dealing with study of the rate of alloxan destruction In whole blood in vitro, 
are given in Table 1 and in the figure (Curve 1), It can be stated that the greater part of the alloxan is destroyed 
within 5-6 minutes after introduction, In 9-10 minutes only traces of alloxan, and in 11 minutes 30 seconds no 
alloxan,can be found in the blood, 


In all the tables and in the figure the amount of alloxan determined by the polarographic method is given 
in percent of the amount of alloxan added to 1 int of blood (serum, plasma, buffer). In order to obtain the 
absolute amount of alloxan, which was determined in each separate case, it must be taken into account that in 
this method 0.1 ml of the blood to be analyzed was added to the background solution, 


Alloxan solutions are stable at pH below 3.5, With increase of pH of the solution the stability is markedly 
reduced [4]. It was of interest to determine whether alloxan decomposes only under the influence of the blood 
pH or whether other factors influence its decomposition. 


To answer this question, in addition to alloxan 
decomposition in whole blood we also studied the rate” 
of its decomposition in plasma, serum, and phosphate 
buffer with pH that of blood. Experimental conditions 


& and quantitative relations were exactly the same as in 
: the experiment with whole blood in vitro. Results of 
«an our observations given in the figure indicate that 
os alloxan destruction occurs most rapidly in whole blood,@ 
3 3 then in plasma and blood serum (Curves2 and 3), wherq 
ES the rate of destruction is the same, and, finally, most 


slowly in buffer solution(Curve 4). 
SS 


It can be assumed that the more rapid destructio : 
Time in minutes 


of alloxan in whole blood, in comparison with plasma, 
is the presence in ring of 
1) in whole blood; 2) in blood plasma; 3) in blood — 
quantities of glutathione, which reacts very actively 
with alloxan, This is the probable explanation of the 
more rapid destruction of alloxan in whole blood, 


TABLE 1 


Rate of Alloxan Destruction in Whole Blood in Vitro. 


83 

l= & <08 <& 
0°45" 8.9 59.0 59.6 4/00” | 8.9 33.0 | 
5.7 58.0 5 30 ~ §.7 26.2 
0 55 8.9 56.0 5 50 8.9 24.6 
41 10 $.9 13.8 — 9 12 8.9 | Traces | 5,7 Traces 
1 35 8.9 52.0 9 40 §.7 Traces 
245 5.7 38.6 11 30 8.9 0 5.7 0 
2 55 5.7 37.0 


For further study of the mechanism of action of alloxan, of particular interest are the dynamics of its 


destruction in vivo, To answer this question we investigated alloxan transformation in blood in vivo in 
experiments on rats and guinea pigs, 


563 


3 
| 
1 
| 
| 
ime 
| 
| 
| 
| 
nas 
| 
| 
| 
| 
| 
| 
ae ] 
| 
| 
| 


Animals were opened under ether narcosis and alloxan in physiological solution was injected into the 


inferior vena cava or portal vein (the amount of alloxan injected was calculated in mg per 1 ml of blood of the 
animal), Blood was taken from the heart after various time intervals and its alloxan content determined. Con- 
ditions of determination were the same as in previous expcriinents, 


Alloxan was injected into inferior vena cava. 
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Time after 


introduction |given in | found in % 
of steak 8 /mi experiments, carried out on four guinea pigs, the rate of 


TABLE 2 


Rate of Alloxan Destruction in Blood of White Rats in Vivo 
Alloxan was injected into inferior vena cava, 


Weight | Time after 
of rats | introductio’ 
in 


[pests Alloxan Weight! Time after 
found in % |lof rats:| introductio 8 
of alloxan |™ 


282 1’30” 4.60 47,0 176 3/14” 7.40 | Traces 

242 { 33 5.40 31.2 102 3 25 6.42 | Traces 

182 1 38 7.15 35.0 235 5 15 2.80 0 

242 2 06 5.32 25.6 100 8 00 6.42 0 

163 3 00 7.75 19.4 178 9 00 3.65 0 
TABLE 3 


Rate of Alloxan Destruction in Blood of White Rats in Vivo 
Alloxan was injected into portal vein. 


Alloxan 


‘Alloxan Weight] Time after | an 
Weight [Time after | Alloxan Alloxan 


of rats |introduction | given in found in % introduction] given jn 
ng of alloxan £ 1 ing | of alloxan fh Fmt 


TABLE 4 In Table 2 are given the results of experiments 

Of carried out on 10 white rats, given alloxan via the inferior 
. : vena cava. From the table it is evident that within 3-5 

Guinea Pigs in Vivo 


minutes after introduction of alloxan, it can not be deter- 
mined quantitatively in the blood. With injection into the 


Alloxan |Alloxan can not be quantitatively determined. In the last series of 


alloxan destruction was studied after injection into the in- 
ferior vena cava (Table 4). In these experiments after 4 


1°45" 6.90 | 38.2 minutes 45 seconds only traces of alloxan were found, 

5 20 640 0 All these expcriments indicate the rapid alloxan des 


truction in the animal, However, its presence in the blood 
for 3 minutes is sufficient for it to exert its diabetogenic 
action, Summarizing the results of all our experiments, it 


can be considered established that alloxan, injected into the 


blood of animals, is destroyed considerably more rapidly 
than in vitro, 


portal vein(Table 3) within 3 minutes 40 seconds it likewise 


3 
Alloxan 
found in 
= 
4 
* 
: 285 4/20” 4.60 31,8 235 2'03” 5.56 21.2 | 
470 435 7.70 46.5 255 3 40 5.10 Traces 
430 4 37 5,00 38.7 417 5 54 5.50 0 
; 432 455 5,00 23,6 120 6 00 5.50 0 | 

Weight | 

rod rats 

ng a 

335 a 

265 


SUMMARY 


The greater part of the alloxan, added to blood of white rats in vitro, is destroyed within 5-6 minutes after 
introduction. The destructive capacity of blood in vitro is chiefly due to its slightly alkaline reaction. However, 
other factors also, which require special study, are of certain significance. Destruction of alloxan, injected 
directly into the blood of animals in vivo, occurs considerably more rapidly than in blood in vitro, — the greater 
part of the alloxan is destroyed under these conditions within 3 minutes, 
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THE MECHANISM OF PROTEIN DENATURATION 


PROPERTIES OF A GLOBULAR PROTEIN STABILIZED BY A DENATURING FACTOR 


A. S. Tsyperovich and A. L. Loseva 
Institute of Biochemistry, Acad. Sci, Ukrainian SSR, Kiev 


In previous papers [1] it was shown that the denaturation process can stop at certain levels in a false 
equilibrium. This occurs because of the fact that under the influence of a denaturing agent (urea) part of the 
native protein in the system is stabilized, i.e., is modified in such a way that its resistance is considerably in- 
creased. This phenomenon has been designated as “denaturation stabilization” [1]. In the present paper the 
properties of the stable form of protein are described, obtained by means of denaturation stabilization — by the 
action of a denaturing agent. 


False equilibria and denaturation stabilization were shown previously for three proteins — egg and serum 
albumins and edestin [1]. The experiments in the present paper were carried out only on egg albumin, which has 
in this case a number of advantages; the properties of this protein have been thoroughly studied, it is irreversibly 
denatured, does not dissociate in urea solutions, and changes occurring under the influence of stabilizing treat- 
ment are very stable. 


The stabilized form of egg albumin was obtained by the action of urea, that is, as usual, denaturation was 
carried out in the system,egg albumin — urea,up to establishment of false equilibrium. Then the mixture was 
allowed to stand for various intervals of time, whereupon the stabilized part of the protein was isolated from the 
system, This treatment was carried out at room temperature, 5.0-9.0% albumin solutions were used, usually of 
pH~7.0; 300-500 mg urea (dry, chemically pure) was added per 1 ml of solution. 


Method of Isolation of Stabilized Protein 


For investigation of the properties of modified egg albumin it was necessary to develop a method for its 
isolation from the equilibrium systems, Isolation was performed by various means although based on a common 
principle, the denatured and native (stabilized) parts of the protein being separated by means of isoelectric 
precipitation, 


After testing a number of methods (described in detail previously [1] ), we adopted the following procedure; 
50 ml of equilibrium mixture of protein — urea was placed in a cellophane sac and most of the urea was removed 
by dialysis against distilled water for 24 hours. Then there was introduced directly into the sac 2.0 ml of a 
mixture, consisting of 1.5 ml of acetate buffer, pH 4.7, and 0.5 ml of saturated (NHg2SO, solution. Thereupon, 
the denatured part of the protein immediately precipitated as a coagulate. Dialysis was continued until 
ammonia ions were removed, then the coagulate was removed by centrifugation, the solution yielding the un- 
denatured “fraction,” containing the stabilized egg albumin. 


From such material we obtained the first data on the character of the stabilized protein, established its 
high resistance to denaturing agents, high optical rotation, increased viscosity, etc. These data were of a preli- 
minary character, but made it possible to obtain much accurate information, 


Then a series of observations turned our attention to the fact that in addition to stabilized albumin, there 
were in the isolated "fraction" protein decomposition products, formed also, obviously, as a result of the action 
of urea (the experiments were described in detail previously (1]). The amount of decomposition products was 
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quite considerable and this compelled us to develop another, better method of isolation of the stabilized protein, 
in which it could be obtained without admixture of decomposition products, This proved possible by salting out 
the protein from the undenatured fraction with ammonium sulfate, 


After a number of experiments the following method was developed, To 50 ml of protein — urea mixture, 
which had attained a false equilibrium, three volumes of isoelectric precipitant for cgg albumin was added — 
0.1 M acetate buffer, pH 4.7 containing 10% (NHg2SO,4. After the mixture had stood one hour at room temper- 
ature, the precipitated denatured protein was removed by centrifugation and to the clear filtrate was added five 
volumes of saturated ammonium sulfate solution, The degree of salt saturation was about 0.83. Preliminary 
experiments showed that at this salt concentration all the stabilized protein was completely isolated, After 
addition of the salting-out solution the mixture with precipitate of stabilized protein was left overnight at room 
temperature, Then the precipitate was removed by filtration (centrifugation proceeds with great difficulty*.), 
taken from the filter with a porcelain spatula and transferred to a glass beaker, to which was added a minimal 
amount of water, only enough so that the slurry formed after mixing could be taken up in a pipette with a wide 
terminal opening. The fluid slurry was transferred to a cellophane sac and dialyzed, usually for several days, 
against twice -distilled water. Several hours after removal of most of the ammonium sulfate the solution in the 
sac became clear, Completion of dialysis was determined by disappearance of ammonia ions. Various properties 
of the solution of stabilized protein (2.8-4.0%) obtained were investigated. 


Resistance of Stabilized Form of Egg Albumin to Diverse 
Denaturing Agents 


Of great interest is the question whether the action of any one denaturing agent (e.g., urea) stabilizes pro- 
teins to other, essentially different denaturing factors (e.g., alcohol, solubilizing salts such as KCNS, etc.). In 
other words, does the presumed new macrostructure formed by gradual] rearrangement possess a general resistance 
to diverse factors or is it resistant only to that factor under whose influence it was formed? To answer this 
question the stable modification of egg albumin that was obtained by the action of urea and its denaturation by 
alcohol, sodium salicylate, potassium thiocyanate,and urea at increased concentration was studied. Simultaneously 
under the same conditions, the denaturation was observed of freshly crystallized egg albumin, analogous to the 
initial preparation from which the modification was obtained, 


Experiments were carried out in the following way. The dialyzed solution of modified egg albumin con- 
tained 1.5- 2% protein; a solution of the ordinary crystalline egg albumin of the same concentration was prepared, 
and used for the contro] experiments. Both solutions (experimental and control) were poured into four test tubes, 
5 ml in each, and denaturing agents were added; sodium salicylate —- 100 mg per 1.0 ml of solution, alcohol 
2.5 ml per 5.0 ml of solution, potassium thiocyanate 2.5 ml of a 50% solution per 5.0 ml of solution,and urea 
600 mg per 1.0 ml (whereas stabilization was carried out at a lower concentration, 40 mg per 1.0 ml of protein 
solution). Denaturation was conducted at room temperature (20 + 1°). In the experiment with alcohol the protein 
solution and alcohol were cooled to 5° in order to decrease the rate of the rapidly occurring process and to observe 
it more easily at the beginning. The course of denaturation in all eight samples was followed by determining 
the amount of denatured protein in the system by means of isoelectric precipitation [2]. The amount of protein 
precipitated was estimated by the biuret reaction. The data obtained (typical experiment) are presented in 
Figure 1, The experiments were repeated with various protein preparations and gave results in complete agree- 
ment, 


As is seen from the curves in Figure 1, the modified form of protein is distinguished by high resistance to 
any of the denaturing agents used, and not only to the one under whose action it was obtained, This could be 
seen even in the external appearance of the experimental mixtures. Thus, in the experiment with salicylate, in 
the sample containing control protein, there was formed a dense turbidity, while in the solution of stabilized 
protein addition of salicylate produced no changes. The same thing, although to less degree, was observed in 
the solutions with alcohol and with KCNS, 


Resistance to such diverse factors as sodium salicylate, alcohol and potassium thiocynate, which denature 
protein in completely different ways (e.g., breaking hydrogen bonds or acting on bonds between nonpolar radicals), 
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Fig. 1. Denaturation of stabilized form of egg albumin (obtained by treat- 
ment of protein with urea) — by alcohol, sodium salicylate, potassium thio- 
cyanate and urea at increased concentration: 

1) denaturation of crystalline egg albumin (control); 2) denaturation of 
stabilized form; A) urea; B) alcohol; C) sodium salicylate; D) potassium 
thiocyanate, 


gives evidence that the stabilization of molecules which has occurred is a general change of the whole macro- 
structure, associated, as we have suggested, with change in the network of bonds, forming the characteristic 
arrangement of polypeptide chains. 


Data on Solubility (“Ability to be Salted Out "*) of Stabilized Form 
of Protein 


In the following series of experiments in order to characterize the changes of the stabilized form of egg 

‘albumin in comparison with the unchanged crystalline protein, the degree of solubility in salt solutions of varying 
concentration was studied. Solubility of proteins, as is their “ability to be salted out” of solution, fs a sensitive 
indicator of their properties, in particular of structural differences, the associated changes of hydrophilia, etc. 
We carried out fractional salting out of preparations of modified and initial protein with (NHg)2SO, , isolating 
and determining quantitatively the portion of protein insoluble in the concentration ranges 0-33, 33-50, 50-60, 
60-67, 67-77% saturation of the salt solution. 


To ~30% protein solution pH 4.9-5.1, was added a saturated solution of ammonium sulfate in the amount 
necessary to obtain the degree of saturation equal to 33%. In the crystalline egg albumin no visible changes 
occurred, but in the solution of the modified form there was a small precipitate. The latter was removed by 
centrifugation. The clear liquid was poured from the precipitate,’ another quantity of ammonium sulfate was 
added, such that the degree of saturation was 50%, Simultancously a control solution of crystalline egg albumin 
was treated in the same way. After the second addition of saturated (NHg2SO, in the ordinary egg albumin again 
no changes were observed, while in the stabilized protein a new precipitate formed, which was removed in the 
same way as the first. Only the increase of degree of saturation of the solutions to 60% led to salting out of part 
of the protein in the control. In this range of salt concentration (i.c., 50-60% saturation) most of the modified 
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protein usually precipitates also, Precipitates were removed in the usual way and the experiment was concluded, 
after collecting the protein fractions, salted out at 60-67% and 67-77% saturation. In the latter concentration 
range practically nothing precipitated from the control solution, but from the experimental — a small, but signi- 
ficant amount of protein, All precipitates were washed with anunonium sulfate solutions of the corresponding 
concentration, again separated by centrifugation, and the amount of protein in each was determined by the 
biuret reaction, Tlic data obtained were expressed in percent of the total amount of protein contained in the 
initial solution, Several typical experiments are shown in Table 1, 


TABLE 1 


Salting Out with Ammonium Sulfate of Protein from Solutions of Crystallized Egg Albumin and of Its Modified 
Form, Obtained as a Result of Denaturation Stabilization 
(in % of amount dissolved) 


Preparation Degrce of saturation of solution with ammonium sulfate 


in % 


Crystalline egg albumin (preparation 1) 


3 Crystalline egg albumin (preparation 2) 2.4 
3 Stabilized form (preparation 1) 6.5 
4 Stabilized form (preparation 2) 6.1 


We see that the “ability to be salted out" of the modified (stabilized) form of egg albumin has 
changed considerably in comparison with the ordinary, initial protein. The data in Table 1 show that as a result 
of stabilization there has appeared an easily salted out portion of protein, corresponding, with respect to this 
property, to globulins, which precipitate from solution with ammonium sulfate saturated to 50%. In the initial 
protein preparation there is no such component. Together with this in the modified preparation there is an increase 
of the protein fraction of high solubility, the most difficult to salt out (in the range 67-77% saturation). The total 
solubility of the modified protein is decreased in comparison with the initial. More than 20% of the material 
precipitates out with salt saturation lower than 50%; there is considerable increase on the part of the preparation 
salted out in the range 50-60% saturation. As is evident from the control experiments (1, 2, Table 1), ordinary 
egg albumin is distinguished by much greater homogeneity. Practically all the protein precipitates in the range 
50-67% saturation, which entirely corresponds to the conditions under which it was obtained [3]. Here the 
greater part of the protein preparation precipitates at 60-67% (NH,)2SO, saturation, while for the stabilized form 
the “ability to be salted out” is displaced in the direction of lower salt concentrations and the greater part of 
the protein precipitates at 50-60% saturation of the solution. 


Apparently the most important observation in these ex- 

SS, » » «| Parallel . periments is the fact that the modified protein has become, as a 
result of denaturation stabilization, much less homogeneous, 

Desiring to obtain additional data on this question (with deter- 
mination under more standardized conditions and with narrower 
ranges of salt concentration), we selected the interesting method, 
proposed by Zelensky [4], anu obtained salting-out curves of our 
preparations, i.e., of crystalline egg albumin and its modified 
(stabilized) form. The experimental result supports the pre- 
viously established facts and shows graphically (Figure 2) the 
nonhomogencity of the protein particles, which occurs as the 
result of denaturation stabilization. These data undoubtcdly 
reflect changes of structure of the protein molecules during 
stabilization by urea treatment. 


Protein concentrations 


(in %) 


Concentrations of salting-out 
salt (in % saturation) 


Fig. 2. Salting-out curves of modified The observed complete solubility of the modified form 

and initial (crystalline) egg albumin. at isoclectric reaction, and in the presence of salts, as is 
characteristic of egg albumin, is evidence that the resistant 
(n.odificd) protein is native, that is, that its molecules retain 
the type of structure, characteristic of the initial native protein, 
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Immunochemical Study of Modified (Stabilized) Egg Albumin 


New convincing evidence of the native structure of molecules of the modified form was obtained from a 
study by the immunochemical method, Various preparations of stabilized protein isolated, as described above, 
were studied in parallel with ordinary crystalline egg albumin and with this same protein, denatured by acid. 
A comparison of the modified form of protein with known preparations of native and denatured protein made it 
possible to determine similarity to one or the other, Methods of determination, described in detail by 
O. V. Lobachevskaya, were published previously [5].* A feature of the method consists in the fact that it is 
possible to obtain data not only of qualitative, but-also of relatively quantitative character. It is possible to 


determine not only the antiserum titer, but also the zone of greatest precipitation dependent on the concentration. 
of protein antigen in the sample. 


In the experiments antiserums to native and to denatured (by acid) egg albumin were used, Each was 
tested for ability to precipitate with all three preparations enumerated above — modified, native and denatured 
egg albumin, The data obtained are given in Table 2(a and b). 


TABLE 2 


Precipitation Reaction of Serum of Rabbits Immunized to Native Egg Albumin (a) and 
Albumin Denatured by HCl (b). 


Amount of protein- antigen in sample, mg 
est- 
antigens: 


egg album 


4.125 

0.4166 
0.0154 
0.00514 
0.00171 
0.000571 
0.000143 


a 
Native — | — | tt 444+] + |-|-|- 
+ + | ++ | #4 + | - 
++] ++] +++ 44+4+ 1] 44+ + | 
—] +] + tt +44 [4444] +4+4+ 1441 4+] - 
Stabilized | + +++] ++ + + 
+ ++ 444+] +4 = |}-|-|- 
++] 4+ | ++] + + + 
b 
-i~-i + + + + 
Denatured | — + tt | ett 44] + 
by acid - + ++ +4+4+/4++] 4+] 
- = + | +44] 444+ 
= + + | +44 $4] + 
—-i-j- + | [444+] 444+] 44+) 4+] 
Stabilized | — | — + + 
= 1 = = 


* We take the opportunity to express to O. V. Lobachevskaya deep gratitude for assistanc 


in the present series 
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The experimental results gave a clear answer to the question raised; the modified (resistant to denaturation) 
protein with respect to immunochemical specificity is native. Antiserums to denatured protein (Table 2, b) do 
not react with the modified form of egg albumin or with control native protcin. They give an intense reaction 
with the homologous antigen — denatured (by HC 1)albumin. Conversely, antiserums to native protein (Table 2, 
a) give intense precipitation with the modified form,and approximately to the same degree (possibly somewhat 
more strongly) react with their homologous antigen. Considering the high specificity and sensitivity of the 
immunochemical method, it should be noted that the facts obtained are important evidence for the native type 
of macrostructure of the molecules of the modified protein. 


Sulfhydryl Group Content of Stabilized Protein 


In the following series of experiments our purpose was to determine the amount of sulfhydryl groups present 
in the modified protein, in order to compare ordinary egg albumin and its stabilized form with respect to this 
property. 


The modified and initial proteins were studied in the experiments at a concentration of 1.5-2.0%. 
Sulfhydryl groups were determined by the ferricyanide method, as usual [6]. Their content was found by means 
of complete denaturation of the protein, for which the maximal amount of urea was used — 1000 mg per 1 ml of 
reaction mixture, 


In the first experiments, carried out on various protein preparations, observations indicated that the stabilized 


form contains considerably less sulfhydryl groups than the ordinary egg albumin (Table 3). However, in reality 
this was not so, 


TABLE 3 


Apparent Content of Sulfhydryl Groups in Modified 
Egg Albumin 


TABLE 4 


Presence in Native Modified Egg Albumin of Reduc- 
ing Groups, Oxidized by Ferricyanide under Condi- 


(In %, calculated on cysteine) sions Specific for SH-Groups * 


Denatura- 

tion temp- | Denatura- 
erature in tion 
degrees 


Amount of SH- roups 
in modified 


Experimental 
conditions 
Tempera - | Time 
ture in 

degrees 


Remarks 


In control ex- 
periments (with 
ordinary crystal- 
line egg albu- 
min) reduction 
of ferricyanide 


In several control experiments, carried out , 
did not occur 


with addition of water instead of urea (i.e., with- 
out denaturation of protein), we noticed that the 
modified protein yielded a certain amount of 
free sulfhydryl groups. As is known, native egg 
albumin contains absolutely no free SH-groups 
oxidizable by ferricyanide. Thus, the observed fact was entirely unexpected. This was carefully checked, 
whereupon it appeared that solutions of native modified protein do not give the nitroprusside reaction, although 
they always reduce a certain amount of ferricyanide. 


* The amount of reducing groups is given in per- 
cent , calculated by analogy with sulfhydryl groups 
(and for comparison of values) on cysteine. 


Results of a number of experiments are given in Table 4, 


The absence in modified protein of the nitroprusside reaction indicates that the detectable reducing groups 
are not sulfhydryl groups, even though they react with ferricyanide under conditions characteristic for oxidation 
of SH-groups only, In a previous paper (6) we found and described similar *non-sulfhydryl" reducing groups in 
a peptic hydrolyzate of egg albumin. The suggestion was made (supported by experiment) that these were certain 
transformation products (possibly of oxidation) of tyrosine. 


4 
a 
‘aie 
a 
7 
(control albumin ferricyanide *, 
a in % 
37 1 hour 0.95 0.64 
37 30 min.| 0.20 
7 37 1 hour 0.96 0.57 ae 
37 1 hour 0.22 
37 30 min. 0.93 0.49 
a 37 1 hour 0.93 0.71 Age 
ib 0.97 0.60 21 30 min.}| 0.17 
our 
37 30 min.| 0.25 
2 
; 
a 
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* It ts appropriate to recall these data here. It can be assumed that as a result of change in structure, 
occurring during prolonged trcatment of egg albumin with urea, certain reducing groups are “uncovered”, 
previously more firmly bound, and acquire the ability to reduce ferricyanide under the given conditions. What- 
ever the possible explanation, it can be said with assurance that the fact of the appearance in native (modified) _ 
egg albumin of free groups, reducing ferricyanide at pH 6.8, which do not exist in the ordinary protein, indicates 
that stabilization is associated with definite changes in structure of the molecules, 


This fact compelled us to turn again to the determination of sulfhydryl group content in the stabilized 
form of protein, Experiments were carried out in which the amount of detectable reducing groups (sulfhydryl 
and others) was compared with the degree of denaturation of the modified protein mass, For this purpose parallel 
with determination of SH-groups (under the same conditions) in mixtures identical in composition the aimount of 
protein transformed to the insoluble form was determined, After heating, isoelectric "precipitant" was added 
as usual to the mixture, and the protein precipitate was determined by the biuret reaction. The data obtained 
are given in Table 5, 


TABLE 5 


Relation between Amount of SH-Groups, Found in Modified Egg Albumin (upon Denaturation), and Degree of 
Denaturation 


Urea — 1000 mg per 1 ml of reaction mixture (maximal amount); pH 6.8 


Denaturation 
time 


Denaturation 
temperature 
"G 


Total (initial) 
amount of pro- 
tein in mg/ml 
of solution 


Amount of SH- 
groups found, 
calculated on 
cysteine, in % 


Amount of protein 
transformed to in- 
soluble form, in 
mg/ml 


These experiments once again showed the great resistance of the stabilized form of egg albumin. Even 
the maximal amount of urea (1000 mg per 1 ml of reaction mixture), usually used in the determinations, does 
not produce complete denaturation of the stabilized protein. A considerable part of it remains untransformed 
under these conditions and therefore the total content of SH-groups in the modified protein (Table 3) appears to 


_ be less than in ordinary crystalline egg albumin. The incomplete denaturation of the stabilized material is also 


characterized by the amount of protein transformed to the insoluble form. The ordinary unmodified protein 
studied in parallel was, as always under these conditions, completely denatured, and the percent of liberated 
SH-groups was maximal (see [1,2] ). 


This fact is yet another objection to the possible view of the “pre-existence” of a stable group of 
molecules in the protein mass. As is known, the maximal amount of urea (1000 mg per 1 ml) rapidly and com- 
pletely denatures native egg albumin. If there were particles retained in the protein mass, stable to such high 
urea concentration, they would remain untransformed and the protein would not be fully denatured. Only by 
treatment with a denaturing agent is it possible to obtain material of the high stability described. It is clear that 
the latter is produced as a result of modification. The stable portion of molecules does not pre-exist in the 
protein mass (and is not “selected” in the denaturation process), but arises during treatment. 


The last experiments in Table 5 show that the percent of liberated SH-groups in modified protein may ex- 
ceed the amount transformed to the insoluble form. This occurs because of the fact that in modified egg albu- 
min, besides sulfhydryl, there are also other reducing groups, which are responsible for the observed “surplus*. 


Thus the experiments on investigation of SH-groups in the stabilized form of egg albumin have shown; 
a) that its molecules are structurally different from the initial protein, since they contain in the native state a 
certain amount of free reducing groups, not sulfhydryl; b) that its molecules contain approximately the same 
amount of sulfhydryl groups as is present in ordinary egg albumin; this is additional evidence of the native state 
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of the particles of modified protcin; c) that its molecules have much greater stability to denaturation than has 
any constituent part of ordinary preparations of crystalline egy albumin, These data show that the stable 
molecules do not" pre-exist” in the protcin mass, but arise as a result of treatment with a denaturing agent, that 
is, as a result of modification of the initial protein. 


Electrophoretic Study of Modificd Form of Egg Albumin 


With the purpose of establishing the difference between the modified and initial proteins (or their identity) 
an electrophoretic study vias conducted on egg albumin stabilized by urea. 


The stabilized protein for these experiments was isolated from equilibrium systems, kept at room temper- 
ature 4-10 months, In these the initial protein usually was twice recrystallized egg albumin. Only in isolated 
experiments was purificd, but not crystalline, protein used, The amount of urea was 300-400 mg per 1 ml of 
reaction mixture; initial protein concentration — 7-8%, The stabilized portion of protein was isolated from the 


equilibrium system, as in the preceding experiments, a solution containing 1.7-2.0% modified albumin being 
obtained, 


Electrophoresis was carried out in M/25 phosphate buffer, pH 7.2, ionic strength 0.097, potential gradient 
3.5 V/cm. For comparison, ordinary crystalline egg albumin was studied under the same conditions. Several 


typical experiments are given in Figure 3, where the course of electrophoresis with time of various preparations 
is shown, 


Duration of electrophoresis 


A 
A 


Phosphate buffer 0.04 M, ionic strength 0.097, potential gradient 
3.5 v per cm 

Fig. 3. Electrophoresis of crystalline egg albumin and its stabilized form obtained by ac- 
tion of urea; 
A) crystalline egg albumin, protein concentration— 1.71%; B) stabilized fraction, 
isolated from an equilibrium, containing 300 mg/ml of urea, protein concentration — 
1.71%; C) same, protein concentration 1.81%; D) same, but equilibrium contained 
400 mg/m! of urea, protein concentration — 1.92%, 
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As usual ([7 1)), crystalline egg albumin during electrophoresis under the conditions described moved in 
the form of two peaks, Clear division of componcnts could be observed within two hours (and even earlier) from 
the beginning of the experiment, Later the slow component progressively lagged behind. 


A different picture was found in study of the modified (stabilized) form of egg albumin, Division of the 
primary peak did not occur at all in the first 2-3 hours, The presence of two main (in amount) components could 
be established only after 54/,- 1 hours, during which division of peaks occurred to a small extent, although it 
was quite distinct (sce Figure 3, B and C). In some cases even upon prolonged electrophoresis we could not detect 
it (for cxample sce Figure 3, D). On the other hand almost from the very beginning of each experiment with 
modified protein there could be seen a small amount of third component, moving at a slower rate than the two 
main ones, It sometimes appeared in the form of a quite clear separate peak. In other cases it formed a 
characteristic slope in the corresponding position of the electrophoretic curve. From the course of the experi- 
ments the impression was created that the last, slowest “front” of particles was all the time (gradually) in small 
amounts being filled by molecules from the mixture of the main components, We will note a possible analogy 
between the third component, observed in electrophoresis, and the small amount of easily salted out fraction, 
which was found in preparations of stabilized egg albumin (upon saturation of the solutions with ammonium 
sulfate to 33 and 50%) and which is not found in the ordinary crystalline protein. 


These observations show that modified (stabilized) egg albumin with respect to electrophoretic properties 
also is basically different from the initial protein. Although the main protein mass, like the initial preparation, 
consists of two chief components, yet the degree of difference between them is considerably decreased, The 
two components converge with respect to electrophoretic mobility. Even for an initial division they require very 
prolonged fractionation in the electric field, and in some cases the main mass of modified protein moves the 
whole time as one peak, although at the end it is very diffuse, indicating nonhomogeneity of the particles (see 
Figure 3, D). 


These data also provide evidence of structural changes, occurring during treatment of protein with urea, 
This is also indicated by the presence of a certain amount of a third fraction, moving slower than the others during 
electrophoresis. The latter fact is in agreement with the observations on solubility, which showed that as a result 
of modification the protein particles become less homogeneous, In part supporting this view (the third fraction), 
the electrophoretic data indicate that as a result of changes occurring in the macrostructure of the particles, the 
electrophoretic homogeneity of the main mass has increased, It is thus possible that as a consequence of 
structural changes interaction has increased between particles and therefore their separation has become more 
difficult. 


SUMMARY 


From the system egg albumin — urea, which has attained a *false equilibrium” (when the denaturation 
process has stopped, without reaching completion [1] ), protein can be obtained, which has been stabilized by the 
action of urea, A method has been developed for its isolation. It is based on isoelectric precipitation of the 
denatured portion of the protein from the system and salting out of the resistant native albumin from the remain- 
ing fraction. 


The stabilized form of protein, obtained by treatment with urea, has high resistance not only to urea, but 
also to other, diverse denaturing agents — alcohol, potassium thiocyanate, sodium salicylate. 


Solubility (ability to be salted out) of modified egg albumin is markedly different from the solubility of 
the initial protein. The stabilized protein is much less homogeneous, Part of it acquires the property of 4 
globulin, being salted out at saturation with ammonium sulfate up to 0.33 and 0.50. Another (small) part ac- 
quires greater solubility, being salted out only in the range 0.67-0.77 saturation, No such fractions are contained 
in the initial, twice recrystallized,egg albumin. Total solubility of the stabilized form is somewhat decreased, 


In immunochemical properties the modified (stabilized) protein is identical to the initial native egg 
albumin and differs sharply from the denatured. 


The stabilized protein, a native protein, contains a certain amount (0,12-0.22%, calculated on cysteine) 
of free reducing radicals, oxidized by ferricyanide under conditions specific for SH-groups. However, they are 
not sulfhydryl, since they do not give the nitroprusside reaction, In ordinary native egg albumin there are no 
radicals oxidized by ferricyanide under these conditions. 
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However, content of SH-groups, determined by means of denaturation, is approximately the same in 
preparations of the initial and changed forms, 


The clectrophoretic properties of the modified protein are different from the properties of the initial, The 
usual division into two components, varying in electrophoretic mobility, is more difficult in the stabilized pro- 
tein; its particles arc less homogeneous; the appearance of a certain amount of third component in the prepara- 

ie tions was noted, which was not present in the initial material. 


The data obtained indicate that the molecules of the resistant (modified) protein retain the type of structure 
of the native egg albumin, but exhibit some structural changes by which the resistant particles are distinguished 
from the initial ones, 


Received May 12, 1956 
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HEAT DENATURATION OF GLIADIN 


V.V. Ponomarev and T. A. Lifanova 


All-Union Research Institute of the Baking Industry, Moscow 


Little work has been devoted to the problem of the denaturation of the wheat protein gliadin. 


Shamshikova [1] showed the appearance of sulfhydryl groups in gliadin upon heat denaturation, Akhmatov 
and Pavlova [2] denatured gliadin by action of ultraviolet rays and established the resulting change in viscosity 
of its solutions and increase of solubility in water. Lenarsky [3] studied change in gliadin upon heating the wheat 
kernels, Ponomarov, Orlova and Tongur [4, 5] followed the changes in certain physicochemical properties of 
gliadin upon heat denaturation. 


In the present paper the results are given of a study on the effect of heating upon the refraction and surface 
tension of gliadin solutions and on the effect of temperature and duration of heating upon the kinetics of its heat 
denaturation. 


EXPERIMENTAL 


Gliadin was obtained by a method based on its extraction with 70 % ethyl alcohol from gluten [6]. The 
gliadin was obtained as a white powder containing 8.5% moisture, total Kjeldahl nitrogen 17,75%, and ash 
0.045%, pH of its alcoholic solution 7.14, The dry gliadin was denatured by heating in a drying chamber at a 
given temperature for a given time. 


Determination of Refraction of Gliadin Solutions 


Refraction was determined at 20° of 0.1% alcoholic solutions of the initial and heat-denatured gliadin, 
heated to various temperatures (from 20 to 70° with intervals of 6°). 


In Figure 1 is shown the relation of the specific 
refraction (N,) of solutions of native and denatured 
gliadin to the previous heating. Calculations were 

Ms made according to the equation N. = Se2 (n is the 


coefficient of refraction; d is the density of solution). 
From these data it is evident that with increase of 


ia temperature the specific refraction of the native gliadin 
solution at first remains constant, and then drops abruptly 
un, rT) t (in the interval 40+50°). N, of the already denatured 
protein solution remains constant independently of 
temperature. 
Fig. 1. Specific refraction of glia- 
din; I-of initial protein solution; Specific refraction increment N, — Ng (Ng is the 
I — of denatured protein solution; specific refraction of solvent) of native protein solutions 
t— extent of previous heating,in also falls abruptly from 0.0027 to 0.0022 in the interval 
degrees. 40-50°. For solutions of already denatured protein this 


value (0.0022) remains constant (for human serum al- 
bumin this increment s 0.0019, for egg albumin s 
0.0018 [7}). 


576 


. 
. 
4 
: 
| 
ke 
3 i 


2 7 Wtav 
Fig. 2. Relation of surface tension Fig. 3. Relation of thermal coefficient of 
to temperature; I — of 70 % alcohol; surface tension to temperature; 1 — initial 
II — of 1% initial gliadin solution; protein; 2 — denatured protein. 


I — of 1% denatured protein solution. 


Surface Tension of Gliadin Solutions 


The relation of the surface tension value(g ) to temperature of alcoholic solutions of native and denatured 
gliadin was established. Determinations were made by the method of maximum bubble pressure with Rebinder's 
apparatus. Tlicse data are given graphically in Figure 2. 


From the results obtained it follows that gliadin with respect to a 70% ethy] alcohol solution is a surface- 
active substance. The relation o — t for a native protcin solution shows that at 40° there apparently occurs the 
beginning of intramolecular changes, reflected in the surface tension value, since the curve has a break which is 
absent for the denatured gliadin solution, The time of holding the sample in the apparatus at the experimental 

‘ temperature, 240 minutes, exerts but slight effect on the surface tension value. 


Froin the data on temperature dependence of surface tension for solutions of native and denatured gliadin 
it is possible to calculate the therma) coefficient of surface tension of these solutions(Aag/At). The values 
obtained are given in Table 1, 


TABLE 1 


Values of Thermal Coefficient of Surface Tension for Native and Denatured Gliadin Solutions 


Temperature | Initia) gliadin solution | Denatured gliadin solution 
in degrees [surface surface tension _ As 
tension (a) (o) At 

20 
0.09 

26 
0.06 

32 
0.06 

38 
0.08 

44 
0.07 

50 
0.06 

56 
0.08 

62 
0.07 

68 
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In Figure 3 is given the curve for the relation of 
the thermal coefficient of the indicated solutions to 


average temperature, bay: 


An abrupt break in the curve at about 50° is 
characteristic for the native gliadin solution, which 
apparently indicates molecular changes occurring in 
the protein at this temperature, which can be considered 
as characteristic “critical” changes. 


Kinetics of Heat Denaturation of Gliadin 


During heat denaturation of protein a change 
occurs in a whole series of its physicochemical properties 
(solubility, optical activity, water-absorption capacity, 
swelling, etc.). Any of these features can be chosen as 
an index of the rate of heat denaturation. 


It has been found that denaturation depends not 
only on temperature, but also on duration of heating, 
which was also confirmed by our experiments [4]. 


As a number of workers have demonstrated [8, 9] 


the kinetics of denaturation is defined by an equation 


oes. Ca ee analogous to the equation for a first order reaction. 


It has been shown for albumin that the concentration of unchanged protein in solution is a logarithmic 
function of the time of heating, that is, that the degree of denaturation at any given moment is proportional 
to concentration of unchanged protein and to the rate constant of denaturation K = 0.00074 [10}. 


From experiments of Lenarsky [3] on the study of kinetics of gliadin denaturation during heating of wheat 
kernels, it follows that the rate constant of gliadin denaturation depends both on temperature of heating the 
kernels and on initial moisture content,and varies little with the wheat variety. 


In order to define the kinetics of heat denaturation of gliadin we determined changes in its optical activity 
during denaturation, For simplicity of calculation all angles of rotation are given in the first quadrant, that is 
[x] = 180 —[a]’. Values obtained for [a] are given in Table 2, 


TABLE 2 


Changes in Angle of Rotation of Gliadin Solutions during Denatura- 
tion 


Denaturation temperature 
in degrees 


Initial 
protein 
solution 


1 In degrees 90 ([eJo)} 84 
21% 100 
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Taking into consideration that the kinetics of heat denaturation of gliadin is defined by an equation 
: analogous to the equation for a monomolecular reaction, and that a proportionality exists between the value 
‘ i a 


. {aJ’ and the amount of gliadin being denatured, one can write + = K(a@_—o%). This equation is a straight 


line, permitting graphic determination of the value [a], the angle of rotation at the final moment of denatur- 
ation. (aj, and 29) valucs were calculated from data in Table 2. The value found for [a),, is 88°, and {a}, = 
2° (Figure 4). 


Expressing in % the changes in angle of rotation of a gliadin solution during denaturation from the initial, 
taken as 100 (Table 2, 2), the amount of gliadin remaining undenatured can be calculated. 


By usc of data in Table 2, the denaturation rate constant can be calculated according to the equation; 
‘ 
K=— In 


TABLE 3 
Rate Constant of.Gliadin Denaturation. 


Denaturation temp.7@ | Denaturation temp. 130 


Values 


60 min. 420 min. 60 min, 420 min. 


K 0.00512 | 0.00560 0.01435 | 0.01054 


Kav 0.00536-+45% 0.012454-7% 


The values obtained, given in Table 3, show that the rate constant of heat denaturation of gliadin changes 
very little with time of denaturation, but increases with temperature of denaturation. 


Knowing K, it is possible to find the amount of denatured gliadin (x ) and that remaining undenatured (y) at 
any moment of denaturation [x =a (1- e Kty and y = a ™, we take a = 1], and also to calculate the time 


= =, T4 Ve" which for denaturation temperature 70° = 
2 


necessary for denaturation of half the gliadin, r ; re 
= 55.6 minutes, 


Determination of the relation of surface tension of solutions of native and denatured gliadin to heating 


showed that in the interval 40-50° the beginning of intramolecular changes occurs, which were determined by 
measurement of surface tension. 


SUMMARY 

Specific refraction and refraction increment of native gliadin solutions on heating to 40-50° fall sharply, 
while in heat-denatured gliadin these indexes are constant. The kinetics of heat denaturation of gliadin was 
studied with respect to change in optical activity of its alcoholic solutions. 

a It was established that the rate constant of denaturation at 130° is greater than at 70°. With twofold increase 


of denaturation temperature the denaturation is accelerated approximately twofold. The time for denaturation of 
half the gliadin was found. 


Received May 10, 1956 
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EFFECT OF NUCLEIC COMPOUNDS ON ACTIVITY OF PROTEOLYTIC 
ENZYMES OF C. DIPHTHERIAE 


M. V. Smirnova 


Dept. of Biochemistry, Inst. of Epidemiology and Microbiology, Acad. Med. Sci. USSR, Moscow 


Nucleic acids, which are high polymer compounds, are contained in abundance in cells where intensive 
protein synthesis occurs, Especially rich in these substances are yeasts and bacteria [1]. Nucleic acid content 
in bacteria may in certain cases reach more than 15% of the dry weight of the bacteria [2]. 


Belozersky et al. [3], studying nucleic acids of C. diphtheriae at different growth stages, showed that in 
aging of a culiure and slowing of its growth the amount of RNA is sharply reduced. Caldwell, Mackor and 
others [4] in a study of growth of Bacillus lactis aerogenes, determined that the amount of RNA in bacterial cells 
is proportional to the growth rate. Gale and Folkes [5] in a study of nucleic acid content of Staphylococcus 
aureus in relation to protein synthesis note that with culture on a synthetic medium and with addition to this 
medium of purine and pyrimidine bases there occurs marked increase in synthesis of protein and nucleic acids, 
The authors established that with reduction in nucleic acid content in the cell there occurs a sharp fall of protein 
synthesis; hence they deduce an interrelation between nucleic metabolism and protein synthesis. Davidson, 
Brachet, Kedrovsky and others [6-8] consider that protein synthesis occurs in the cytoplasmic granules, rich in 
both high-polymer phosphorus compounds, and a large quantitf of enzymes in the form of phosphatases, pepti- 
dases and proteases, which also apparently participate in synthesis of peptides and proteins. 


In this connection it is of interest to note the work of Slavik and Smetana [9] on the effect of ribonucleic 
acid (RNA) on activity of trypsin, papaine and cathepsin of liver. It was shown that yeast RNA, which inhibits 
hydrolysis of proteins and peptides, does not block the transpeptidase reaction. On the basis of the experimental 
data, the authors suggest that nucleic acids may participate in regulation of enzyme reactions in the cell. 


Sorm and Hrubesova made studies in the same direction [10]. It was determined that pancreatic RNA blocks 
activity of pancreatic proteases. 


It is evident from the literature data presented that the role of nucleic acids in the process of protein syn- 
thesis still remains unclear, It is possible that they act as phosphate donors or are a factor, in a specific way 
directing enzyme activity in the processes of protein synthesis. It may be suggested that nucleic acids partici- 


pate directly in protein synthesis as a source of energy, which is liberated from phosphate bonds with participa- 
tion of the appropriate enzymes. 


METHODS 


For study of the effect of nucleic compounds on activity of proteolytic enzymes of C. diphtheriae, 
nucleoproteins and RNA, obtained by us from a two-day culture of C. diphtheriae strain PW 8 by the method of 
Belozersky [11], and sodium nucleate (of yeast, Merck) were used. Properties of these preparations are given in 
the table. Concentrations of nitrogen and phosphorus are calculated for an absolutely dry and ashless substance. 


SETUP OF ENZYME EXPERIMENTS 


From a two-day culture of C, diphtheriae after washing with physiological solution and careful grinding 
with powdered glass a 10% bacterial suspension in phosphate buffer was made, 


: 
- 
a> 
- 
ke 
= 
Be 
= 
cq 
Wel 
= 
581 
; 


Propertics of Nuclcic Compounds 


Name of preparation 


Orcinol 
reaction 


Diphenyl- 
amine 
reaction 


reaction 


RNA 
C. diphtheriae 
Nucleoprotein 
C. diphtheriae 


Sodium nucleate 


Autolysis was conducted at pH 7.0 and 8.0. A mixture of 4 ml bacterial suspension, 10 ml buffer solution 
and 2.5 ml of nucleic compound (2% solution of RNA, nucleoprotein or sodium nucleate) was diluted with dis- 
tilled water to a total volume of 20 ml and incubated 24 hrs at 35°. 


Toluol was added as preservative. The same mixture served as control, but without addition of nucleic 
compound, 


After autolysis the proteins were precipitated with 20% CClsCOOH and the filtrate was divided into two 
parts. In one, residual nitrogen was determined by the Kjeldahl micromethod, Calculations were made, after 
deduction of nitrogen of the respective controls, for an absolutely dry substance. The second part of the filtrate 
was used for analysis by two-dimensional chromatography according to Sisakyan, Bezinger and others [12], ~ 
Trichloroacetic acid was removed from the filtrate by extraction four times with ether, after which the liquid 
was concentrated on the water bath. From the residue the free amino acids were extracted with acid acetone 
(1 ml 10 N HCl per ml of acetone). From the acetone extract, concentrated by very mild heating, hydro- 
chloric acid was removed under vacuum, The residue was dissolved in 1 ml distilled water and in this solution 
the total nitrogen was determined by the Kjeldahl micromethod, After setting up a number of preliminary 
chromatograms the amount of protein nitrogen (260-300 yg) was found, necessary for the clearest development 
of the amino acid spots, Leningrad No, 2 paper was used for chromatograms, 


RESULTS 


In the study of the effect of nucleic compounds on activity of proteolytic enzymes of C. diphtheriae there 
was noted an almost threefold reduction in residual nitrogen content in experimental samples upon addition of 
nucleoprotein and RNA in comparison with the control (Figure 1). 


An entirely different picture was observed with addition of sodium nucleate; in nearly all experiments 
at pH 7.0 an increase of residual nitrogen occurred. This is apparently related to the fact that sodium nucleate, 


although similar in nitrogen and phosphorus content to RNA of C, diphtheriae (table), yet in all probability 
differs from it in chemical structure and specific action, 


In the literature there are indications of the fact that addition of an oxidizing agent in the form of 


hydrogen peroxide [13, 14] in the study of activity of proteolytic enzymes was accompanied by increase of the 
synthetic function of proteases. 


We also added hydrogen peroxide during autolysis of samples with nucleic compounds. In view of the 
high activity of catalase of C. diphtheriae the addition of hydrogen peroxide to samples was made extremely 
slowly. It was found that hydrogen peroxide caused almost no changes in activity of proteolytic enzymes of 
C. diphtheriae at pH 7.0 
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Fig. 1. Change in activity of proteolytic 

enzymes of C. diphtheriae under the influence of 
nucleic compounds; 1 — bacterial suspension 
(control); supplements; II — nucleoprotein, 

If — nucleoprotein + IV—-RNA; RNA + 
+ H,O,; VI- Na nucleate; VII — Na nucleate + 
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Fig. 3. Change in activity of proteolytic enzymes 
of C. diphtheriae under influence of nucleic com- 
pounds; I — bacterial suspension + amino acid mix- 
ture; supplements; II — nucleoprotein; III — RNA; 

IV — Na nucleate; V — nucleoprotein + H,03; 

VI — RNA + H,O3; VII— Na nucleate + H,O0,. 


nucleic compounds (9, 10], we set up experiments with inactivation of proteolytic enzymes of C. diphtheriae by 


o-hydroxyquinoline (0.004 M). 


From Figure 2 it is seen —_ upon blockage of proteases by o-hydroxyquinoline in the presence of nucleic 
compounds no marked changes in residual nitrogen content were observed in comparison with the control. In 
analogous experiments without protease inactivation marked reduction in residual nitrogen did occur. 


The question of what substances are formed at the cxpense of the reduction in residual nitrogen in experi- 
ments with addition of nucleic compounds, remains for the present unclear. 


In connection with the changes found in residual nitrogen, in order to investigate the synthetic function of 
proteases under the influence of nucleic compounds experiments were set up in which an amino acid mixture 
was added to the bacterial suspension, in addition to the usual supplements, 


The amino acid mixture was prepared with the consideration that it should resemble the amino acid com- 
position of muscle globulin. For this purpose the following amino acids were taken; D-glutamic, aspartic, 
alanine, phenylalanine, tyrosine, cystine, methionine, histidine, lysine, arginine, threonine, serine, valine, 


Fig. 2. Blockage of proteases of 
C. diphtheriae in the presence of 
nucleic compounds, 

A — experiments without protease 
inactivation; B— experiments with 
protease blockage by o-hydroxy- 
quinoline; I— bacterial suspension 
(control); supplements; Il — RNA; 
Ill — nucleoprotein; IV — Na nu- 
cleate. Autolysis 24 hrs., pH 8, 
a= 97". 


In experiments at pH 8.0, the most marked 
changes were observed under the influence of nucleo- 
protein. We noted analogous results with RNA. With 
respect to experiments with sodium nucleate, al- 
most no changes in nitrogen content, in comparison 
with controls, were found. 


Thus, the experimental data indicate that 
upon addition to a bacterial suspension of nucleo- 
protein or RNA there occurs sharp reduction of residual 
nitrogen, upon addition of Na nucleate, reduction of 
nitrogen is not observed, 


For investigation of the problem: towhat is the 
reduction of residual nitrogen related under these 
conditions and is it a consequence of the changed 
direction of protease activity under the influence of 
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i | 
Fig. 5. Chromatogram of mixture: bac- 
terial suspension + amino acid mixture + 
Fig. 4. Control chromatogram of amino nucleoprotein after autolysis; 2— arginine; 
acid mixture and bacterial suspension: 5 — glutamic acid; 6 — unidentified acid; 
1—cystine; 2- arginine; 3— lysine; 7— alanine; 8—serine; 11 — tyrosine; 
aspartic acid; 5 — glutamic acid; 12-valine; 13- methionine; 14- 
6 — unidentified acid; 7 — alanine; threonine; 15 — leucine; 16 — phenylala- 
8 -serine; 9—histidine; 10 — glycine; nine; a — new spot. 
— tyrosine; valine; 13~— methio- 
nine; 14— threonine; 15 — leucine; leucine, proline and glycine. 
oe: See The experimental results are given in Figure 3. 
As is evident from the experimental data presented, here too a uniform reduction in nitrogen content was 
observed, in comparison with controls; it should be noted that nucleoprotein and RNA caused the reduction in 
residual nitrogen, 


With respect to the effect of Na nucleate, in these experiments an inctease in amount of nitrogen was 
noted; addition of hydrogen peroxide under these conditions caused a sharp increase in residual nitrogen of 38% 
at pH 7.0 and of 504% at pH 8.0, which indicates intensification of the hydrolytic function of C. diphtheriae 
proteases, Results of these experiments also indicate that under the influence of nucleoprotein and RNA, isolated 
from C. diphtheriae, there apparently occurred a change in activity of proteolytic enzymes of C. diphtheriae in 
the direction of increase of their synthetic function. In several experiments with addition of amino acid mixture, 
chromatographic analysis was carried out. 


In Figure 4 is given the control chromatogram of the amino acid mixture. From the chromatograms 
(Figures 5, 6 and 7) it is seen that in all experiments a new spot (a) over glutamic acid appears and disappear- 
ance of aspartic acid occurs under the influence of RNA and of maclonprotein; in experiments with Na nucleate 
traces of it are visible. 


Of the sixteen amino acids used in the experiments, as is seen from the chromatograms, we noted com- 
plete disappearance of histidine, proline, lysine, cystine and in addition intensification of an a spot 
was observed, 


Together with these changes in all experiments there occurred sharp reduction in glutamic acid content. 
As secn on the chromatograms, under these conditions there was observed marked anes of tyrosine, methionine 
and scrine in comparison with the control amino acid mixture. 
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Fig. 6. Chromatogram of mixture; bacterial 
suspension + amino acid mixture + RNA: 


numbering of spots see Fig. 4; a and b— new Fig. 7. Chromatogram of mixture: 
spots. bacterial suspension + amino acid mix - 
ture + Na nucleate; numbering of spots 
In addition to the changes indicated, in Figure see Fig. 4; a — new spot, 


6 must be noted the disappearance of threonine, the 

sharp decrease in concentration of methionine and glycine and the appearance of two spots (a and b) over glu- 
matic acid, the latter not being identified. Features of the experments with nucleoprotein were; complete disap- 
pearance of glycine, increase in alanine concentration and decrease in amount of methionine, threonine and. 
tyrosine. 


In experiments with sodium nucleate (Figure 7) aspartic acid is retained,and sharply decreased are con- 
centrations of serine, glycine, tyrosine, methionine, threonine and phenylalanine. 


The experimental results of study of change in composition of amino acids under the influence of nucleic 
compounds support our data on study of changes in amount of residual nitrogen. 


On the one hand, the experimental data presented indicate that addition of nucleic compounds in the form 
of RNA and nucleoprotein of C. diphtheriae apparently allows a change in orientation of the activity of proteo- 
lytic enzymes of C. diphtheriae in the direction of increase in synthetic function. On the other hand, they indi- 
cate a certain specificity of action of the nucleic compounds. According to the experimental data presented 
above, under the influence of sodium nucleate (of yeast) under these conditions an increase in hydrolytic function 
of proteolytic enzymes of C. diphtheriae was observed, whereas increase in synthetic function occurred only upon 
participation of the nucleic compounds of C. diphtheriae. 


Received May 20, 1955 
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OF DIFFERENT DENSITIES 


Division of Immunology and Malignant Tumors, the N. F. 
Gamalei Institute of Epidemiology and Microbiology of the 
Academy of Medical Sciences USSR, and the Separator 
Laboratory of the Scientific Research Institute for Chemical 


Machinery Building. 


Isolation of intracellular components — nuclei, mitochondria, microsomes, and also viruses, is necessary 
for the solution of many important problems in modern biology and medicine. The present communication 
describes a new fractionation method used for isolation of intracellular granules and viruses from normal and 


tumorous tissues, 


Orifice 


materfal 


Inlet for 
Startin 


Orifice "B® 


Exit of clear 
liquid from drum 


Rim of insert Annular channel 


Fig. 1. Scheme of separator drum: 
1) Drum base, 2) drum lid; 3) cylindrical inserts, 


ISOLATION OF INTRACELLULAR GRANULES BY SEDIMENTATION 
IN A SEPARATOR THROUGH AUXILIARY LIQUID LAYERS 


E. S. Novikova, G. I. Abelev, V. M. Dzhincharadze, and A. I. Gusev 
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Tissuc homogenates are usually fractionated by means of differential centrifugation (1), An improved 
fractionation method has recently been proposed — centrifugation in a density gradicnt, whereby fractions can 
be obtained homogencous in density (2,3) or in sedimenation rate [4], and which avoids multistage fractiona- 
tion, However, this method is of limited application for studics of intracellular granules (mitochondria, 
microsomes) and viruses owing to the extremely small amounts of material obtained, 


Use has been made of separators with conical inserts ASG-1-A and ASL-2 for obtaining mitochondria and 
microsomes in sufficient quantitics for thorough investigation [5,6] but with these separators fractions can be ob- 
tained only by consecutive sedimentations, For fractionation of normal and tumor tissue homogenates, the 
Separator Laboratory of the Scicntific Research Institute for Chemical Machinery Building has constructed a 
special separator type SK, intended for isolation of the intrace]lular granules with their simultancous fraction- 
ation in the same drum, The scheme of the separator drum which carries out this technological function is . 
shown in Fig. 1. 


The suspension to be separated enters the drum in a continuous stream through the orifice A and passes 
consecutively through three annular channels formed by concentric inserts in the drum (the direction of liquid 
flow is indicated by arrows in the scheme), The sediment of the particles from the separated suspension settles 
on the inner surfaces of the inserts, In order that a suspended particle should be deposited on the insert, the 
condition L = S must be satisfied, where L is the path of the particle under the action of the centrifugal force, 
and § is the distance between the particle and the surface of the insert. If the condition L = S is not satisfied, 
the particle will pass into the annular space of the next insert. 


The centrifugal force acting on a particle increases as the particle moves further away from the drum 
axis. The conditions for sedimenation of the particle are more favorable at the next insert, as not only is the 
speed of the particle increased by the action of the centrifugal force, but its time in the annular channel is 
greater. 


Creation of “Density Barriers** in the Drum 


It is known that the surface of a liquid in a rotating hollow closed cylinder assumes the form of a 
parabola. As the rotation speed of the cylinder increases, the centrifugai force becomes greater and the apex of 
the parabola descends, reaching infinity at sufficiently high values of the centrifugal force, when the force of 
terrestrial gravity may be neglected, The surface of the liquid then becomes cylindrical, 


Each insert in the drum is a hollow cylinder, with its rims serving as retaining surfaces (Fig. 1). Thus, 
an annular layer of liquid the thickness of which corresponds to the height of the rim can be established on the 
drum insert. If the density of the liquid being separated is less than the density of the liquid in the annular 
layer, the latter can serve as a stable barrier between the liquid being separated and the surface of the insert on 
which the particles are being deposited, 


In the present work; the annular layers (density barriers) were made with the use of sucrose solutions of 
different concentrations (d = 1-1.3 g/ ml) while the homogenate was always made in 8% sucrose solution 
(d = 1,035 g/ ml). 


The iodine — starch color reaction was used to confirm the possibility of creation of density barriers at 
different inserts in the drum of the SK separator. Narrow strips of filter paper impregnated with starch paste 
made in 50% sucrose solution, and moistened with sucrose solution of a concentration corresponding to that of 
the given barrier, were attached to the inner suriace of each insert. Instead of the separation liquid, 200 ml of 
8% sucrose solution faintly colored with iodine was passed through the drum at a rate not below 7-8 liters per 
hour, The basis for selection of this rate was the high sensitivity of the reaction and the possibility of diffusion 
of iodine into the “barrier*, To displace the iodine solution, 400-500 ml of 8% sucrose solution was passed 
through the drum at the same feed rate. The complete absence of the iodine — starch reaction at the inserts 
where density barriers had been created, and the formation of color at control inserts where there was no 
barrier (the rim of insert XI was cut down at several points, making the creation of a “barrier” at this insert 
impossible), confirmed the possibility of separation through layers of auxiliary liquid of different densities. 


The concentrations of the annular liquid layers should be chosen in accordance with the densities of the 
particles of the suspension to be separated. For fractionation of suspensions, the inserts nearer to the rotation 
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axis of the drum should have “barricrs* of the heaviest liquids, with a gradual decrease of density toward the 
; periphery, This distribution of barricrs of different dénsitles prevents the sedimentation of particles of low 
density at the first inserts of the drum. 


Barriers of different densities were created by 
pouring the following solutions of sucrose into the 
drum in the sequence: 1) 200 ml, d= 1,05 g/ml 


cm? (before the separator was switched on, through ori- 

fice C); 2) 190 ml, d = 1.28 g/ml through A with 
g the drum rotating; 3) 80 ml, d = 1.17 g/ml through 
ik A with the drum rotating. The density of the estab- 


lished barriers was determined experimentally by 
means of the iodine — starch reaction. 


In order that the conditions in which the 
densities of the barriers were determined should 
completely correspond to operating conditions with 
homogenates, before addition of the iodine solution 

7227 wee x drm iid 800 ml of 8% sucrose solution (d = 1.035 g/ml) was 
Numbers of drum inserts (from the center) passed through instead of the homogenate; this was 
followed by the solution colored with iodine, which 
was then displaced by a similar solution without 
iodine. 


Densities of annular layers 
3 


(“barriers”) 


Fig. 2. Distribution of density “barricrs* on drum 
inserts. 


TABLE 1 


Intensity of the Iodine — Starch Reaction at Different Inserts of the Dum. 

Instead of homogenate, 800 ml of sucrose solution with density 1.035 g/ ml was put into the drum at a feed rate 
of 1 literf hour. Amount of iodine-tinted Sucrose solution — 200 ml, solution for displacement of iodine, 400 ml. 
Feed rate of these solutions, 7 liters/hour. 

++ maximum starch color, + weak color,+ — traces of color; — absence of color 


Densities of : Iodine — starch reaction 

iodine -tinted number of inserts (counting from center) 
sucrose solutions 
and of solutions 
passed to dis- 


place iodine, sh I IV Vv vI Vil Vill Ix Drum 

in g/ml lid 
1.04 ++ ++ - - ++ - 
1.10 ++ ++ - - - - - - - ++ - 
1.15 ++ ++ - - - - - - + ++ + 
117 ++ ++ - - - - - a ++ 
1.20 + ++ ~ - + ++ + 
1.24 ++ ++ - ~ - ++ ++ + 
1.26 ++, “+ - - - - .° ++ ++ ++ ++ 
1.28 ++ +- + + ++ ++ ++ 


The results of the experiments are shown in Table 1 and Fig. 2. Fig.2 shows that stable barriers are 
established from the IVth insert onward, 


The explanation for the positive iodine — starch reaction on inserts II and IM is that insert IM] is at the same 
vertical level as the liquid outlet in the drum. If this orifice is brought nearer to the axis of rotation of the drum, 
the stability of the barrier on insert II increases, By variations of the quantitative proportions and concentrations 
of the solutions added, it is possible to set up a great variety of density barrier distributions on the drum inserts, 
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The Process « of Particle Scdimentation in Separation Through the Density Barriers 


Four different cases of particle sedimentation can be visualized, 


Case A. The density of the particle A(y & is considerably greater than the - pind of the pom 
medium (y,) and greater than the density of the established layer or barrier (y3) (yf >> y2 and rf >ys); the 
particle A rapidly reaches the barrier, passes through it, and is deposited on the inner surface of the cylindrical 
insert in 


Case B. y? >Y2, but y? 1 < ys; the particle B is able to traverse the distance to the barrier, but cannot 
penetrate into the layer of heavy liquid and is carried by the stream into the annular space of the next drum 
insert. 


Case C. vf is slightly greater than y,; the particle C does not have time to traverse the distance S and is 
carried by the stream into the annular space of the next insert. 


Case D. yP >>y2. but the diameter of the particle D (d?) is considerably less than the diameter of 
particle A (a4 ) (dP<< dA), particle D does not have time to reach the layer of heavy liquid and is carried 
over into the annular space of the next insert, 


By creating the appropriate conditions at the following inserts, consecutive sedimentation of particles B, 
C, and D may be effected. 


The Separator Laboratory of the Sci. Res. Inst. for Chemical Machinery Building has designed, and is now 
building, the special separator SK-1, in which it is easily possible to set up any desired “density barriers" at the 
cylindrical drum inserts. 


The described method has fully justified itself in the fractionation of normal and tumor tissue homogenates 
and has made iit possible to separate particles differing both in size and in density. 


The method simplifies the procedure, shortens the teatment time of the material and, which is most 
important, yields a large number of fairly pure fractions. : 


Isolation of Intracellular Granules from Rabbit Liver 


The above method has been used to obtain four fractions from rabbit liver; these were subjected to 
analysis by electron microscopy and by biochemical methods, 


Preparation of material and fractionation. The liver of a rabbit, removed immediately after killing, was 
washed with cold isotonic sucrose solution through the posterior vena cava until the blood had been completely 
removed. After the blood had been washed out, the gall bladder was removed. If the liver was not used for the 
experiments immediately, it was frozen and stored at— 40°. The fresh or thawed liver (50-75 g) was ground in 
two stages in a Waring homogenizer in ten times its own volume of isotonic sucrose solution. The nuclei must 
not be damaged during the homogenization; this was checked by means of a phase contrast microscope. 


The nuclei and undamaged cells were separated in a centrifuge at 470 g * with a liquid layer 9 cm high 
in the centrifuge tube, in 5-6 minutes, 


The supernatant liquid was carefully decanted through one layer of gauze; it was used as the starting 
material for fractionation in the separator. 


“Barriers” of various densities were set up on the drum inserts by the method described above, and the 
material was then separated at 14,000 r.p.m, at a flow rate of 1 liter/fhour. The constant flow rate was main- 
tained by the use of glass tubes of definite diameter for connecting the vessel with the material to the separator 
inlet. 


The last portion of homogenate remaining in the drum was displaced by an isotonic sucrose solution 
(300 ml) at the same feed rate (1 liter/hour), The separator was then left running for 1 hour 45 minutes to 
enable the particles reaching the high density barrier to reach the surface of the insert and to form a dense 
deposit. The deposits were washed off the inserts into {sotonic sucrose solution, All the operations were 
carried out at 0-4°, 


* In calculations of the centrifugal force the radius from the axis of rotation to the center of the centrifuge tube 
was taken, 
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Fig. 3. Electron micrographs of rabbit liver fractions: 
1 and 2) Pigmented granule fraction [in center of 1, 
mitochondrial wall (x 10,000)};3 and 4) mitochondria 
fraction (x 1,000); 5 and 6) microsomes (x 10,000 ); 
1) glycogen particles (X10,000} 8) mixture of mito- 
chondria and pigmented granules after treatment with 
distilled water ( X 10,000). 


7 


Distribution of deposits on the inserts, The first drum insert serves to direct the flow and does not contain 
a deposit. A dense dark brown deposit, which we termed fraction 1, was formed on insert II. Insert I had a 
deposit of a yellow-greenish color, fraction 2, Fraction 3 was a milk-white deposit found on inserts V-VIIL. 
Pinally, all the last inserts had a pink deposit, fraction 4. 
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Fractions 1 and 2 consisted of large granules, clearly visible in the phase contrast microscope, and fractions 
3 and 4 consisted of submicroscopic particles. The first two fractions were somewhat contaminated with each 
other, and could be completely separated by the following scheme. 


Deposit on inserts I and II 
5 min. | 6700 g 


supernatant deposit (resuspended in isotonic 
liquid sucrose solution ) 


5 min.(1 or 2 times) twice, 3-5 min. each at 


6700 g 


supernatant deposit 
liquid (rejected) supernatant fraction 1—- 
liquid pigmented 
10 min, at (rejected) granules 
10,500 g 
(to complete 
sedimentation) 


supernatant fraction 2— 
liquid mitochondria 
(rejected ) 


Characteristics of the fractions, The nature and the purity of the fractions were studied by electron 
microscopy and biochemical analysis. 


The specimens for electron microscopy were prepared from suspensions of the granules in isotonic sucrose 
solution after fixation in osmic acid for 50-60 minutes (except fraction 3, the particles in which are destroyed in 
fixation). A drop of the suspension was placed on the membrane and quickly shaken off. After slight drying the 
preparation was washed with 1-2 drops of distilled water and dried in a desiccator. Nichrome was used for the 
shadowing. Fig. 3 shows electron micrographs of all the fractions. 


Data on ribonucleic acid (RNA ) contents and succinic dehydrogenase activities of the fractions are shown 
in Table 2. 


In an attempt to determine RNA in fraction 3 it was found that the material was completely soluble in 5% 
trichloroacetic acid to form an opalescent solution, and was reprecipitated on addition of an equal volume of 
alcohol. This precipitate was easily soluble in water, On addition of a solution of iodine in KI to this solution 
a specific red color was formed, which disappeared on warming and reappeared on cooling (glycogen reaction). 
It should also be noted that fraction 3 vanished completely if the animal had been starved for two days. All the 
above properties and reactions indicate that fraction 3 was glycogen, 


As Figure 3 and the data in Table 2 show, fraction 1 differs from mitochondria. The completely washed 
fraction contains almost no succinic dehydrogenase and is stable in distilled water (Fig. 3, 8). It is interesting to 
note that this fraction contains considerably more iron than the other fractions (qualitative test). This gives 
grounds for classifying it with the iron-containing pigments of the liver. A very low RNA content and slight 
enzyme activity are found only in completely washed fractions of the pigmented granules, A smal] admixture 
of fraction 2 sharply raises its RNA content (for non-starved rabbits) and its relative enzymatic activity. 


Fraction 2 has a group of typical characteristics of mitochondria; maximum succinic dehydrogenase 
activity, a specific morphology including the presence of walls, and susceptibility to lysis in distilled water. 
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TABLE 2 


RNA Contents and Succinic Dehydrogenase Activities 
of Rabbit Liver Fractions, 

RNA in »g/ mg N; activity of succinic dehydrogenase 
as % of maximum activity. 


RNA (by Succinic dehy- 
Schneider's drogenase activ- 
method [7] ity (by Thun- 
Fractions without extrac -| berg*’s method 
tion of lipids) | with a suspension 
of freshly pre- 
pared granules) 


Traces 
2 Normal animal 346 
3 Animal after 2 

days fasting 85 


It is interesting to note that the RNA contcnt 
of mitochondria decreases considerably after starva- 
tion of the animals (by a factor of 3.5 after two days 
of starvation). A similar effect has recently been 
reported by Laird et al. [8). 


Fraction 4 consists of microsomes, as indicated 
by the particle size, high RNA content, and low 
succinic dehydrogenase activity. In contrast to 
mitochondria, the RNA content of this fraction docs 
not change in starved animals. 


Thus, by means of the density barrier separa- 
tion method it proved possible to carry out simul- 
taneous sedimentation and separation of pigmented 
granules, mitochondria, glycogen, and microsomes, 


It is evident that this fractionation method has 
clear advantages both over the differential centrifu- 
gation method and over fractionation in a density 
gradient. 


We express our gratitude to fitter-mechanic P, E, Garnov (Sci. Res, Inst. Chem. Machinery Building) for 


his excellent assistance and initiative. 
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ORGANIC ACID FORMATION IN GERMINATION OF LEGUME SEEDS 


S. V. Soldatenkov and T. A. Mazurova 


Department of Plant Physiology, A. A. Zhdanov Leningrad State University 


Germination of seeds of cereals, e. g. wheat and corn, is accompanied, as our studies have shown [1, 2}, 
by intense formation of organic acids. Together with malic and citric, aconitic acid accumulates in consider- 
able amount; it represents up to 60% of the acids contained in sprouts, Of interest was a study of acids of the 
seeds of another large group of seed crops, the legumes. This group of plants, as is known, differs sharply from 
the cereals not only in chemical composition of the seed, but also in biological features of the nitrogen nutrition 


The organic acids of leguminous plants have been little studied. In the-seeds citric acid has been found 
(3, 4]; in leaves of kidney bean (haricot) and bean, according to studies of Chesnokov [5], it represents up to 
13.5% of the dry weight of the plant. 


For more detailed study of the acid composition of the principal legumes we made a series of analyses of 
seeds of kidney bean, bean and pea, and also carried out experiments on study of acid formation during seed 
germination. ; 


EXPERIMENTAL 


Analyses for organic acid content of seeds, sprcuts and leaves of legumes were made by the technique 
developed by us for the cereals, In all cases the acids were obtained from dried, powdered material by pro- 
longed extraction with ether, first without acidification, and then after acidification of the powder with sulfuric 
acid. The acids were separated in the form of barium, lead, and calcium salts; citric acid was determined by 
conversion to pentabromoacetone, and malic acid by the method of Pucher and Vickery {6}. 


Organic Acids of Legume Seeds 


For analysis were used seeds of kidney bean variety "Saksa", of broad bean (horse bean) and of pea variety 
"Rostovsky". For each analysis seeds were ground to a powder,weighing ~100 g. Analytical results are given in 
Table 1. 


The amount of free organic acids in legume seeds is insignificant: 0.006-0.007% in kidney bean and bean,@ 
0.08% in pea. Acids are present chiefly in the form of salts. Kidney bean seeds are distinguished by the highest 
content; of the acids citric predominates, representing in.seeds of kidney bean and bean about one-half of the 
total amount of acids, Malic acid represents more than 10% in seeds of kidney bean, and in bean and pea up to 
5-8 Sof the total acid content. Volatile acids represent only about 10%. The amounts of citric acid found by 
us in legume seeds about coincides with data of other workers (3, 4). 


Organic Acid Formation in Germination of Legume Seeds* 


For experiments were used seeds carefully selected as to size and weight of kidney bean variety “Saksa", 
broad bean and pea variety “Rostovsky*. 


A portion of the seeds after grinding was analyzed for organic acid content, the second portion was planted : 
in earth in seed boxes, located in a well lighted hothouse. Two-week sprouts were cut at a level 1 cm from the 


* Student A. M. Kopina participated in this part.of the work. 
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TABLE 1 


Organic Acids of Legume Seeds. 
In % of air-dried wt, 


Total 
Plant pea Volatile Citric Malic Unknown 
Kidney 
bean 1.93 0.24 .233 
Bean 0.90 0.09 0.283 
Pea 0,82 0.14 .323 
TABLE 2 
Organic ‘Acid Formation in Germination of Legume Seeds. 
In grams per 1000 seeds and sprouts. 
Total Of them 
Plant acids Volatile} Mmlic | Unknown 
Kidney bean 
5.54 0.55 3.18 0.71 1.10 
22.86 0.91 1.40 6.01 14.54 
Bean 
10.64 1.06 5.74 0.55 3.29 
a 20,33 0.84 2.23 15.25 2,01 
Pea 
Seeds 2.10 0.42 0.74 °0.16 0.78 
Sprouts 0.64 0,71 8.42 10,22 


soil, fixed with dry heat and dried at 60-70°, then ground in a mill. Sprouts were 15-18 cm high with 5-6 
leaves. Analytical results, calculated for 1000 seeds and sprounts, are given in Table 2. 


Weight of powder from seeds was 100 g, corresponding to 382 seeds of kidney bean, 93 of bean and 453 
of pea. 


Weight of powder from sprouts was about 35 g. This amount was given by 80 sprouts of bean, 148 of kidney 
bean and 133 of pea. 


Comparison of results of analysis of seeds and sprouts of legumes shows that germination is characterized by 
very intense new formation of organic acids; the total amount in kidney bean and bean increases 2-4 times, and 
in pea even 9 times. 
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The citric acid, contained in the seeds, is actively consumed, especially in kidney bean and bean, where 
its amount is reduccd to less than half, Malic acid is formed exceptionally actively and accumulates in the 
sprouts; in pea and bean the amount increases 28-53 times in comparison with the initial seed content. 


The content of unknown acids increases 13 tines. The amount of volatile acids increases but slightly. 
Content of free acids in sprouts is 0.05-0.2%. 


DISCUSSION OF RESULTS 


The two principal groups of seed crops, cereals and legumes, differ in chemical composition not only with 
respect to amount and properties of protein substances and carbohydrates, but also with respect to composition 
of the organic acids in both seeds and leaves. 


In wheat seeds the organic acid content varies within the limits 0,.2-0.8% of which more than one-half 
is acetic acid; citric and malic acids together represent only 5-10% (1). 


In seeds of kidney bean, bean and pea there are more acids than in cereal seeds (0.8-2.12%). The pro- 
portion of acids also varies; in legumes volatile acids represent only ~10%, citric acid, contained in wheat seeds 


in the amount of 0.035%, in kidney bean reaches 1.22% and in bean 0.48%, that is, more than half the total acid 
content. 


The sprouts of cereals and legumes also differ appreciably in amount and composition of acids, In cereal 
sprouts, aconitic acid accumulates in considerable quantities, representing up to 60% of all the acids, while in 
legume sprouts this acid is not found even in traces. 


Citric acid in leaves of legumes accumulates in considerable quantities, up to 4-5% of the dry substance, 
representing more than 40%, whereas in cereals it represents only 1-2% of the acids present. 


With respect to content of citric and aconitic acids the leaves of cereals and legumes are antipodes — 
maximal content of aconitic acid in the former and absence in the latter compensated by a high content of citric 
acid, This difference of cereals in content of acids genetically closely related is probably due to special features 
of the acid metabolism. Aconitase, an enzyme which converts cis-aconitic and isocitric acids to citric, possibly 
participates in this metabolism [7-9]. In the equilibrium system set up by the enzyme, of the three acids citric 
represents 89.5%, Trans-aconitic acid, as Krebs and Eggleston [9] have shown, is easily converted to cis-aconitic. 


The high content of aconitic and low content of citric acid in cereals, the absence of the former and large 


amount of the latter in legumes, is possibly the result of the different orientation of aconitase activity in these 
plants. 


In legumes, as in cereals, seed germination — a transition from rest to vital activity — is associated with 
intense new formation of organic acids. However, in addition to the basic difference already noted, others are 
observed. In cereals during germination citric acid accumulation occurs in sprouts; here there is two or three 
times more than in the initial seeds, In-kidney bean and bean, conversely, active consumption of the citric 


acid, contained in the seeds, is noted; only in later phases of leaf development does citric acid begin to accumu- 
late. 


Malic acid in both cereals and legumes, judging by the amount and tempo of formation, takes a very ac- 
tive part in metabolism. Accumulation of this acid proceeds far more actively in legumes during germination; 
in sprouts there is 27-53 times more than in the seeds producing them. 


Leaves of cereals and legumes in organic acid content not only do not concede much to fruits and berries, 
distinguished by an acid taste, for example plum, cherry, currant, but even considerably exceed such fruits as 
apple, pear, tomato [10], and are therefore a convenient object for study of acid metabolism in higher plants. 


SUMMARY 


Seeds of legumes (kidney bean, bean and pea) contain 0.8-2,12% organic acids, 
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The organic acids of legumes are citric, malic, acetic and other acids of as yet anestablished nature. 
Citric and malic acids represent 45-85% of the total acid content. 


In seeds and sprouts of kidney bean and bean, citric acid predominates, and in leaves of pea, malic acid. 


In distinction to cereals, in legumes aconitic acid is absent. During germination of legume seeds there 
occurs intense new formation of malic acid and consumption of citric acid, Content of the former increases 
27-53 times and the amount of citric acid is reduced to less than half. 


Received June 4, 1956. 
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RIBONUCLEIC ACID OF PLASTIDS AND ITS CHANGES DURING PLANT 
DEVELOPMENT 


N. M. Sisakyan and M. S. Odintsova 


A.N. Bakh Institute of Biochemistry, Acad. Sci. USSR, Moscow 


Study of the nucleic acids, their formation and changes, is of importance not only for an understanding of 
the mechanism of metabolic processes, but also of many other problems related to growth and organism develop- 
ment, in particular, to protein synthesis in the living cell. Of great interest in this respect is investigation of the 
nucleic acids of individual structural elements of the cell. In recent years considerable progress has been made 
in study of distribution of nucleic acids in the animal cell; it has been shown, for example, that of the proto- 
plasmic structures, the richest in ribonucleic acid (RNA) are the microsomes. 


But with respect to plants, literature data are lacking on systematic investigation of nucleic acids of the 
cell structures, 


The idea of the possible presence of nucleic acids in chloroplasts was first expressed by Zaleski in 1911 (1). 
Later (in 1938) Menke [2] isolated from defatted chloroplasts of spinach (by extraction with 0.01 N NaOH and 
precipitation with CCl,COOH) a protein fraction, containing 0.7% phosphorus, and termed it nucleoprotein, 
Menke did not make a more detailed study of this fraction. In 1947 Euler and Hahn [3], studying nucleic acids 
of green leaves, found that part of the RNA, isolated by them from spinach leaves, occurs firmly bound to 
chlorophyll, In 1948 Euler et al. [4] isolated from spinach chloroplasts a protein preparation — chloroplastin, 
On the basis of the determination of pentoses by the phloroglucinol method the authors concluded that chloro- 
plastin preparations contain 5-7% RNA. The amount of desoxyribonucleic acid (DNA), determined according 
to Dische, was very insignificant, Later Euler and Hahn [5] showed that the RNA values must be considered too 
high in view of the presence in plant material of pentose-containing compounds different from RNA and of 
pectin-like substances, also giving a positive reaction with phloroglucinol. 


All these studies, however, have. not provided a basis for a definite conclusion concerning the presence of 
nucleic acids in chloroplasts, and thus the question has remained unsettled. 


In 1952 in our laboratory work was begun on determination of nucleic acids in various types of plastids 
(6}. In these studies, in addition to biochemical methods, the luminescent microscope was used, it being estab- 
lished that the main mass of nucleic acids present in plastids is RNA. Only on the basis of a very sensitive 


luminescent microscope method can the presence be detected in the plastids we studied of very insignificant 
amounts of DNA. 


In the same year Metzner [7] published a paper on histochemical determination of nucleic acids ia 
plastids of various plants. On the basis of his studies the author concluded that in the plastid stroma only RNA is 


present, but in the grana are both RNA and DNA. It should be noted that the stain used by Metzner can not be 
considered sufficiently specific for DNA. 


In 1954 Jagendorf and Wildman [8] published a paper on the investigation of certain biochemical properties 
of isolated tobacco chloroplasts, The authors directed particular attention to the method of isolation of plastids. 
In order to isolate chloroplasts in intact form and without admixture of other submicroscopic structures, they were 
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repeatedly washed, Plastids so isolated contained 0.3-0.7% nucleic acids of the dry weight, about 2/3 of this 
being DNA. This paper called forth a number of criticisms of the methodology. Repeated washing, recom- 
mended by the authors, as was shown experimentally [9], can lead to considcrable loss of nucleic acids, 
Purthermore, the prolonged period in the dark employed in the work can not fail to produce changes in 
chemical composition of the chloroplasts. 


In the same year Straus [10] in a study of the chemical composition of chromoplasts found that the nucleic 
acid content reaches 0.72-1.03% of the dry weight. Thus, information in the literature on plastid nucleic acids is 
fragmentary and contradictory. 


We conducted further studies of plastid ribonucleic acid [11] with consideration of the physiological state 
and ontogenetic devclopment of the organism. 


in the present paper the results are given of many experiments on chloroplasts from leaves of sugar beet, 
tobacco, spinach, clover, sunflower, and also on carrot chromoplasts and leucoplasts of roots of sugar beet. The 
studies have shown that the amount of RNA in plastids of various plant species varies and ranges from 0.5-3.5% 
of the absolutely dry weight. Furthermore, RNA content in chloroplasts of the same plant changes in the course 
of development, In certain cases the amount of RNA in chloroplasts from young leaves exceeds by approximately 
3 times its content in those from old leaves. Thus, the amount of RNA in chloroplasts from leaves of the 4th 


rosette of sugar beet represents 0.6% with respect to phosphorus, and in those from leaves of the 12th rosette at 
the same period 1.7%, 


A similar relation is observed for chloroplasts from leaves of tobacco and sunflower (Table 1). 


TABLE 1 


Change in Ribonucleic Acid Content in Chloroplasts of Tobacco *Trapezone" and Sunflower "Omsky skorospely” 
according to Tiers and Stages of Development, 


RNA content in % 
of air-dried wt. of 


RNA content in % 
of air-dried wt. of 


Tier Stage of develop- Tier Stage of develop- 
of ment and sampling of ment and sampling 
leaves date leaves date 


Tobacco chloroplasts Sunflower chloroplasts 


Upper Budding 1.76 1.85 Upper Budding 2.47 2.70 
Middle VIl/ 27/1954 1.23 1.35 Middle | VII/19/1954 1.93 1.85 
Lower 1.04 1.12 Lower 1.65 1.80 
Upper Flowering 0.89 0.97 Upper Flowering 1,25 1.42 
Middle VIl/ 29/1954 1,24 1.33 Middle | VIII/5/1954 1.35 1.50 
Lower 1.18 1.30 Lower 1.39 1.57 
Upper Seed ripening 1.45 1.60 Upper Seed ripening 1.49 1.45 
Middle VIIL/24/1954 1.31 ‘1.39 Middle | IX/6/1954 one 1.34 
Lower 1.08 1.18 Lower 1.15 1.30 


It is important to note that the usual character of the change in ‘RNA content in chloroplasts of tobacco and 
sunflower in relation to change in physiological state of the plant is disturbed only in the flowering stage, when 
chloroplasts of young leaves become somewhat poorer in RNA than those of old leaves, This is apparently related 
to transport of RNA to flowers at this stage. Thus, while in the budding stage the RNA content in chloroplasts 
from tobacco leaves of the upper tier represents 1.76% with respect to phosphorus, and in those of the lower tier 
1.04%, we have in the flowering stage 0.89 and 1.18%, respectively. In the seed ripening stage, as a rule, the 
earlier picture of RNA distribution was reestablished, 
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TABLE 2 


Changes in Ribonucleic* Acid Content and Ribonuclease Activity of Chloroplasts during Plant Development. 


Stage of development and 
sampling date 


RNA content in % of air- 
dried wt. of acetone pre - 
parations of plastids 


Ribonuclease activity in 
mg P per 100 mg total N 


Preparation 


Sugar beet chloroplasts 


1X/11/1954 of 4th rosette 080 5.91 
of 12th rosette 2.10 214 
Sunflower chloroplasts 
IX/11/ 1954 Upper tier 1.50 1.18 
Seed ripening Lower tier 1,23 1.45 
Tobacco chloroplasts 
X/5/1954 Upper tier 3.72 1.27 
Budding Lower tier 1.63 2.40 
X/5/1954 . Upper tier 2.10 1.73 
Flowering Lower tier 2.77 1.55 
X/5/1954 Upper tier 1.99 2.16 
Seed ripening Lower tier 1.67 2.35 


From our experiments it follows that in chloroplasts, as in other biological material, fundamental changes 
are observed in RNA content in relation to physiological state and aging characteristics of the organism. 


Together with study of change in RNA content of chloroplasts we also studied their ribocnuclease activity 
during plant development. 


Determination of ribonuclease activity in most experiments was made according to the method of 
McFadden as modified by Chepinoga, Skvirskaya and others [12] with certain changes. 


The reaction mixture in our experiments was incubated 1 hour in a thermostat at 25° (this temperature was 
chosen in order to approximate physiological conditions). Thymol was used as antiseptic during incubation. 
Ribonuclease activity was expressed in milligrams of unprecipitated phosphorus found in the experiment, calcu- 
latéd on 100 mg of total nitrogen of a water suspension of chloroplasts, 


The data we obtained from study of ribonuclease activity in chloroplasts of tobacco, sunflower and sugar 
beet during plant development are given in Table 2. 


From these data it follows that there is complete correspondence between change in ribonuclease activity 
and change in amount of substrate, i.e. RNA. In proportion to plant development the ribonuclease activity of 
chloroplasts increases, and the amount of RNA falls correspondingly. Thus, for example, in going from the 12th 
rosette of sugar beet leaves to the 4th the ribonuclease ‘activity of chloroplasts increases from 2.14 to 5.91 mg P 
per 100 mg N, and the amount of RNA falls at this time from 2.10 to 0.80% of the air-dried weight of acetone 
preparations of plastids. 


The same relation was also found in sunflower chloroplasts in going from the upper, younger tier of leaves 
to the lower, older tier. However, in view of the fact that the experiment was set up very late, at the end of the 


stage of seed ripening when even the upper leaves had begun to tum yeJlow, this relation was considerably less 
marked. 


The same thing may be said concerning tobacco chloroplasts at this stage of development; in this case also 
the difference in RNA content in leaves of upper and lower tiers and in ribonuclease activity is relatively small, 
since ycllowing and withering of all the leaves had already occurred, 


* In this table in calculation of chloroplast RNA content, the substances, extracted by acetone, were disregarded. 
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TABLE 3 


Forms of Phosphorus Compounds in Plastids of Various Plants. 
In % of total phosphorus 


Acid-soluble phosphorus 


Stage of develop- Nucleic 
ment and samp- 


ling date 


Acetone preparations of 
plastids 


Chloroplasts: 


of 12th rosette of sugar beet] X/7/1952 
of upper tier of tobacco Budding 
VIM/17/1953 


of spinach Vi/2/1953 


Chromoplasts of carrot 1X/29/1953 


Leucoplasts of roots of sugar 
beet 


X1/20/1953 


TABLE 4 


Changes in Phosphorus Compounds in Chloroplasts of Sugar Beet "Uladovka™ in Course of Development. 
In % of total phosphorus 


Sampling 
date 


Acid-soluble phosphorus 
Total 


Nucleic 


Chloroplasts of 
rosettes; 


2nd VII/27/1953 
4th VIl/27/1953 
4th VIII/20/1953 
7th VINI/20/1953 
4th X/15/1953 
7th X/15/1953 
X/15/1953 
4th X/1/1952 


X/1/1952 


It is of interest to note that the relation we observed between the amount of RNA and ribonuclease activity 
in chloroplasts was maintained also in the flowering period. At this time, as already noted, chloroplasts from 
leaves of the upper tier were always somewhat poorer in RNA than those from leaves of the lower tier, and 
ribonuclease activity was correspondingly greater in leaves of the upper tier (1.73 and 1.55 mg P per 100 mg N, 
respectively). 


The uniformity of change in ribonuclease activity in the course of plant development noted above was 
checked and confirmed by us by determination of the activity of this enzyme by the manometric method, 


Thus, one cause of the varying RNA content in plastids is change in their ribonuclease activity. 


With the purpose of establishing the relation of RNA to other phosphorus compounds we determined the 
forms of phosphorus compounds in plastids, 


Results of some of these experiments are given in Table 3. 


* The relatively low values for lipoid phosphorus are apparently related to its loss during acetone treatment of 
plastids, 


‘ 
P 
Total Inorganic phorus * phosphorus 
50.8 42.3 38.0 18 3.4 
2 37.0 34.5 45.0 10.6 6.8 a 
4715 44.0 32.5 12.0 8.5 
61.0 55.5 29.0 5.5 45 
47.0 41.0 26.4 22.6 4.0 
53.0 35.3 22.3 
44,2 39.5 44.2 
56.0 52.2 23.7 
71.2 58.5 11.0 
64.5 50.0 15.0 
1 59.0 46.0 30.0 
13.0 10.8 11.8 
12th 50.8 42.3 38.0 
q a 


From Table 3 is seen that the plastid preparations we studied are characterized by a high content of acid- 
/ soluble, chicfly inorganic phosphorus compounds. Inorganic phosphorus content reaches 80-90% of the value for 
the total phosphorus of the acid-soluble fraction, Since in our experiments values for lipoid and phosphoprotein 
phosphorus were very insignificant, in study of the relationship of the forms of phosphorus compounds in plastids 
in the course of plant development we limited the determinations to the acid-soluble, inorganic and nucleic 
forms of phosphorus, 


In Table 4 are given the data we obtained on change in phosphorus compounds in sugar beet chloroplasts 
: in the course of development. 


In comparing the data of Table 4 a very clear parallelism appears between increase in amount of RNA 
phosphorus and the simultaneous fall in acid-soluble phosphorus content. Thus, in the July 27, 1953 experiment, 
in going from the 2nd to the 4th rosette of sugar beet leaves, when the nucleic phosphorus content increases from 
22.3 to 44.2%, the acid-soluble phosphorus content falls from 53.0 to 44.2%, respectively. In most experiments 
the inorganic phosphorus varies similarly to the total phosphorus of the acid-soluble fraction and in going from 
chloroplasts from young leaves to old ones it also increases. 


The contrasting character of the change in nucleic, acid-soluble and inorganic phosphorus can be observed 
in chloroplasts not only in going from young leaves to old ones on the same plant, but also according to the 
degree of aging of leaves of a given rosette, that is, according to the stage of the vegetative period. Thus, for 

—4 example, the nucleic phosphorus content in chloroplasts from leaves of the 4th rosette July 27, 1953 is 44.2%, 
j and October 15, 1953 only 11% of the total phosphorus; acid-soluble phosphorus meanwhile increases from 44.2% 
to 71.2%, respectively, and inorganic phosphorus — from 39.5 to 58.5% of total plastid phosphorus. 


We observed an analogous interrelation of the various forms of phosphorus compounds in chloroplasts of 
_ tobacco and sunflower depending on stage of plant development and position of the leaf tier (Table 5). 


From Table 5 is seen that in chloroplasts of tobacco and sunflower also, as in sugar beet chloroplasts, to 


greater nucleic phosphorus content there corresponds lesser content of acid-soluble and inorganic phosphorus, 
and vice versa. 


At this period the acid-soluble phosphorus content in chloroplasts from all three tiers of tobacco leaves is about 
60%, and of sunflower about 50%; * of the total plastid phosphorus, During flowering there evidently occurs an 
intensified mineralization of phosphorus related to its transport to flowers. 


4 The high percent of acid-soluble phosphorus and especially the inorganic at the flowering stage is striking. 


a The analytical data we obtained on change in phosphorus compounds in chloroplasts of sugar beet, tobacco 
and sunflower in the course of plant development indicate that in plastids the phosphorus of the acid-soluble 
fraction, evidently the inorganic phosphorus, is the source of phosphorus for RNA biosynthesis. 


Proceeding on the basis of recent literature data on the qualitative differences in nucleic acids, we inves- 


tigated the qualitative composition of plastid RNA. We studied RNA ees chloroplasts of sugar beet and tobacco, 
isolated from plastids in the course of plant development. 


Batches of acetone preparations of plastids (1-2 g) were successively treated with cold 0.24% HC10, 
(twice) to remove acid-soluble compounds and with an alcohol-ether mixture (3;1) with boiling to completely 
remove lipoids after which RNA was extracted by treatment of plastids three times with 1 N HC1Q, in a thermo- 
stat at 37° each time for 12-15 hours. Then plastids were washed with cold 1 N HC10, and all the acid extracts 
combined, After this treatment the residual mass contained no phosphorus or purine base nitrogen. The com- 
bined extracts from plastids, containing RNA decomposition products of varying degree of complexity, were 
concentrated under vacuum on a sand bath with mild heating to the appearance of thick white vapors. Per- 
chloric acid hereupon became 65-70% (d~ 1.65). The concentrated RNA extract was transferred to an ampul 
and hydrolyzed to free bases in a thermostat for 2 hours at 100° (13). The hydrolyzate was somewhat diluted with 
water, filtered from humus substances and neutralized with 40% KOH to weak acid reaction (pH~5-6). The. 
KC1Q, precipitate was removed by centrifugation and carefully washed with water, Hydro’zate and water wash- 
ings were again concentrated under vacuum to a small volume, separated by centrifugation from the precipitated 
salts, and then taken to dryness in a vacuum desiccator, The dry residue was diluted with 1 mi distilled water 


* Inorganic phosphorus in the former is about 55%, and in the latter about 50%. 
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TABLE & 


Changes In Phosphorus Compounds in Chloroplasts of Tobacco "Trapezond* and Sunflower *Omsky skorospely* 
according to Ticrs and Stages of Development. : 
In% of total phosphorus. 


Acid-soluble phosphorus 


Total 


Stage of develop- 
ment and sampling 
date 


Tier of leaves Nucleic 


Tobacco chloroplasts 


Upper Budding 37.0 34.5 45.0 
Middle VII/17/1953 45.0 43.0 41.0. 
Lower 50.0 42.5 30.5 
Upper Flowering 60.0 55.5 32.0 
Middle 1X/1/1953 57.0 54.5 25.0 
Lower 60.0 55.5 30.0 
Upper Seed ripening * 34.0 31.0 50.0 
Middle IX/30/1953 52.0 50.5 35.5 


Sunflower chloroplasts 


Upper Budding 34.7 28.2 521 
Middle VII/19/1954 36.8 29.0 50.0 
Lower 46.0 35.1 43.2 
Upper Flowering 41.9 448 41.3 
Middle VIIL/5/1954 49.3 43.7 42.6 
Lower 50.3 47.0 40.0 
Upper Seed ripening 35.1 30.0 38.9 
Middle 1X/6/1954 39.6 33.0 40.0 
Lower 56.3 44.2 30.3 


and kept in the icebox under toluol, Definite amounts of the hydrolyzate so obtained were applied with a micro- 
pipet to paper and subjected to chromatographic analysis for 2-3 days in a mixture of 6 volumes isopropyl alco- 
hol, 2 volumes 95% ethyl alcohol and HCl, added to pH — 1.00 of the whole solution. 


The position of the RNA nitrogen bases on the chromatogram was detected in the ultrachemiscope in the 
form of dark spots on a fluorescing background. Then the spots were cut out and the bases eluted with 5 mi 0.1 
N HCl at room temperature for 15-20 hours, after which the absorption spectrum of each eluate was taken in 
ultraviolet light. From extinction values at maximum absorption and the corresponding molar extinction co- 
efficients the nitrogen base content of RNA was calculated, 


Our experiments on the qualitative composition of plastid RNA showed that its proportions of nitrogen bases 
are not equimolecular, In all RNA samples studied the purine bases predominated over the pyrimidine, and the 
amount of guanine and cytosine in a number of cases exceeded the amount of adenine and uracil. We did not 
succeed in finding definite regularities in change in content of individual nitrogen bases of RNA in the course of 
development, We are not presenting detailed data on the qualitative composition of plastid RNA, since an 
evaluation of such data must be approached with great care. In the present state of methods for quantitative 
chromatography of nucleic acids, for their extraction from tissues and especially of methods for hydrolysis of 
these compounds the possibility of a number of methodological errors is not excluded. 


Furthermore, the composition of RNA in our experiments may have been to a certain extent changed owing 
to ribonuclease action during isolation of chloroplasts, We did not inactivate it in the process of isolation, since 


* At this stage leaves of the lower tier had yellowed and fallen, 
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according to data of Granick [14) any added salts even in insignificant concentrations have a tendency to 
precipitate the cytoplasmic proteins, and then it is very difficult to wash plastids free from the adherent 
cytoplasm. As a matter of fact, according to recent reports in the literature [15], plant ribonuclease splits all 
the bonds of RNA, in distinction to pancreatic ribonuclease, which splits primarily the bonds betwcen pyrimidine 
nucleotides, But it has not yet been experimentally demonstrated sufficiently convincingly, whether plant 
ribonuclease splits all RNA bonds at the same rate. 


In studying chloroplast RNA we found that RNA is bound to a protein complex of the plastids; a certain 
part of it being bound more loosely is easily extracted by 0.14 M NaCl; the other part is bound more firmly and 
can be isolated only ‘after treatment of plastids with 0.2% NaOH or stronger agents, The degree of firmness of 
the RNA bond with the protein complex of plastids does not remain constant during the course of plant develop- 
ment. From chloroplasts of young leaves practically all the RNA is extracted by the action first of 0.14 M 
NaCl and then 10% NaCl with boiling, while in chloroplasts of old leaves after such treatment there still re- 
mains a significant amount of RNA, which is extracted by 0.2% NaOH. In proportion to development there 
seems to occur a fixing of RNA in the structures, It is possible that thus an “exclusion” of RNA from the dyna- 
mics of metabolism is attained, 

SUMMARY 


Chloroplasts from leaves of various plant species contain 0.5-3.5% RNA on an absolutely dry weight basis, 
depending on the nature, age and physiological state of the plant. 


RNA content of chloroplasts undergoes uniform changes in the course of plant development; chloroplasts 
of young leaves contain about 2-3 times more RNA than those from old leaves. 


The usual type of RNA distribution in chloroplasts is disturbed at the flowering stage, which is probably due 
to its transport to flowers at this period. 


Simultaneously with decrease in amount of RNA in chloroplasts in the course of plant development there 
is observed a rise in their ribonuclease activity. 


Together with the considerable increase in nucleic phosphorus there occurs a reduction of acid-soluble 
phosphorus. Apparently the latter is the source of phosphorus in plastids for RNA biosynthesis. 


RNA is not all bound in the same way to the protein complex of plastids. Part is bound more loosely and 
is extracted by weak solvents, such as 0,14 M NaC}; the other part is bound more firmly and for its extraction 
stronger solvents are necessary (for instance, 0.2% NaOH). 


In proportion to plant development together with general decrease in amount of RNA in chloroplasts there 
seems to occur a fixing of it in the structures,and the amount of firmly bound RNA is increased. 


Received June 8, 1956 
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QUANTITATIVE DETERMINATION OF POTATO GLYCOALKALOIDS AND THEIR 
PREPARATIVE SEPARATION 


V.A. Paseshnichenko and A. R. Guseva 


A. N. Bakh Institute of Biochemistry, Acad. Sci. USSR, Moscow 


Until recently it had been considered that the cultivated form of potato contains only one alkaloid, 
solanine, discovered 135 years ago. Substances of the glycoalkaloid type have attracted special interest of 


workers in the last decade in connection with the discovery of the toxic action of some of them on the Colorado 
beetle, 


In 1954 Kuhn and Low [1] reported the discovery in leaves and shoots of cultivated potato of another 


glycoalkaloid, a-chaconine. They also found chaconine in leaves of the wild potato Solanum chacoense, from 
which it was named, 


Chaconine and solanine have the same aglucone — solanidine, but differ with respect to the sugar chain. 
The sugar portion of a-solanine is a trisaccharide, composed of galactose, glucose and rhamnose. According to 
recent data (1, 2], the trisaccharide of a-solanine, termed solatriose, has a branching structure, 


The sugar portion of a-chaconine is also a 
trisaccharide, but is composed of 1 molecule of glu- 
cose and 2 molecules of rhamnose. The order of dis- 
tribution of the sugars is as follows; solanidine — 
glucose — rhamnose — rhamnose, Besides these main 
alkaloids, representing up to 95 % of the total alkaloids, 
in leaves of S. tuberosum and S, chacoense were found 
four more glycoalkaloids, termed g- and y -solanine and 
B- and-y-chaconine. They have a shortened sugar: 
chain, in the B-forms a disaccharide, and in the y ~ 
forms a monosaccharide; 
a-solanine; solanidine — galactose ~ glucose — rhamnose 
B-solanine; solanidine — galactose — glucose 
y-solanine; solanidine — galactose 
a-chaconine; solanidine — glucose — rhamnose — 

thamnose 
B-chaconine; solanidine — glucose — rhamnose 
y -chaconine: solanidine — glucose 


L-Rhamnose 


D 
inc a-Solanine ' Discovery of these new glycoalkaloids was made 
possible by use of paper chromatography and column 
chromatography. Separation and preparative isolation 
of these alkaloids was accomplished by Kuhn and Low 
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on a column of aluminum oxide (3, 4}. These authors used paper chromatography for qualitative determination 
and control of purity of fractions from the column, 


For study of the pathways of glycoalkaloid biosynthesis and physiological role in metabolism of the potato 
plant, it was necessary to have a method for their quantitative individual determination, 


The previously used method [5] permitted determination only of total glycoalkaloids in potato. 


Separation of glycoalkaloids on an Al,O, column, employed by Kuhn, does not assure clear demarcation 
of one glycoalkaloid from another and can not therefore be used for quantitative determination in large-scale 
analyses. Attempts to utilize Kuhn's data for chromatographic separation of glycoalkaloids on domestic brands 
of paper were not successful. With the solvent ethyl acetate — acetic acid — watex 3;1:3 (the upper phase was 
used, to which was added 15% ethanol) a-solanine and a-chaconine were not separated, 


We obtained clear separation of solanine and chaconine by chromatography on paper, saturated with M/S 
monopotassium phosphate solution, and use as solvent of the mixture; ethyl] acetate — acetic acid — water, 11;2;2. 


Munier and Macheboeuf [6] pointed out the advisability of saturating paper with buffer salts in chromato- 
graphing alkaloids of the wopane group and certain other alkaloids. The excellent separation of glycoalkaloids 
on saturated paper made possible a method for their quantitative individual determination. 


Quantitative Determination by Paper Chromatography of Solanine and Chaconine 
of Potato 


Absolutely dry material, ground and sifted, was taken for analysis. Since content of solanine and chaconine 
is not the same in various organs of the potato plant, it is advisable to use the following amounts; for tubers 
50-60 g, for leaves 10-20 g, for shoots 0.75-1.0 g. A batch of material was diluted with 50-100 ml 2% acetic 
acid and shaken in a tightly closed flask on a shaker for 2 hours. Then contents of the flask were filtered in a 
Buchner funnel and the material again extracted in the same way. Filtrates were combined, made alkaline with 
concentrated ammonia to phenolphthalein and heated to 70-80°. The precipitate was collected on a paper filter 
and washed 2-3 times with water made slightly alkaline with ammonia. The filter with precipitate was dried 
and treated on the glass filter with boiling ethyl alcohol (in the amount of 200-250 ml). The alcoholic solution of 
glycoalkaloids was placed in a Wurtz flask, and the alcoho] evaporated on a water bath to dryness. The residue in 
the flask was dissolved in an amount of 2% acetic acid, such that the final concentration of glycoalkaloid in the 
solution was 0.5-1%. Our experiments showed that it is necessary to apply in one spot from 100 to 250 pg glyco- 
alkaloid (larger quantities are poorly separated ). Therefore, before chromatographing, the alkaloid concentration 
must be determined in the solution obtained. For this, a part of the original solution was diluted 10-20 times and 
the- amount of glycoalkaloid determined according to Alberti's reaction (4); 


The chromatographic paper ("Leningrad fast") was first saturated with M/5 KH,PQ, solution and dried in a 
drying cupboard at 130°. To a sheet of paper, 13 x 30 cm, were applied 5 spots of a single preparation, 100-200 


ug per spot. The amount of solution applied in one spot is calculated exactly and should be approximately 
identical. 


The solvent was a mixture of ethyl acetate, acetic acid and water,11;2;2. This ratio was used in order to 
avoid separation of the mixture into phases and thus to obtain greater constancy in the ratio of the parts. 


Special attention must be given to the quality of the ethyl acetate. The latter must be absolutely pure, 
distilled over P,Os (b.p. 77°). It should be kept in the refrigerator, 


After application of glycoalkaloids the chromatograms were kept in a vessel, saturated with solvent vapors, 
for 1-1.5 hours, and only afterwards was solvent poured in. Chromatography — descending, for 14-15 hours, was 
based on running through of solvent. After separation the chromatograms were dried in air 1-2 hours, then along 
the edges of the chromatogram contol strips 3-3.5 cm in width were cut off, on which were distributed the outer 
spots of the alkaloids. These strips were sprayed with 23 % solution of SbCl in chloroform and heated 5 minutes 
at 90° in a drying cupboard. The alkaloid spots become a raspberry color, but the color is not stable; after 3-4 
days it turns gray, and the paper itself rapidly decomposes. The strips were placed next to the undeveloped middle 
part of the chromatogram, on which the distribution of spots was established according to the level of spots on 
the contro] strips. The section of paper corresponding to one spot was cut out in the form of a rectangle, very 
small pieces were cut, placed in a test tube, a sinall volume of 2% acetic acid added (2-3 m1) and left for 24 
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TABLE 1 


Determination of Solanine and Chaconine. 


solanine chaconine 


Applied in | Deter- 


Substance mined in 


Solanine 95 
Solanine 96 
Solanine 96 
Chaconine 100 
Chaconine 99 
Solanine + chaco- 

nine 100;97 
Solanine + chaco- 

nine 100;98 
TABLE 2 


Glycoalkaloid Content in Shoots and Leaves of Potato 
"Berlikhingen*. 
In % of absolutely dry wt. 


Total glyco- 
alkaloids 


Material Chaconine 
3.24 


0.11 


Shoots 


Leaves 


hours. During this time the tube was shaken several times. 
Then 1 ml cf eluate was placed in a 50-ml Erlenmeyer 
flask, to which was added with cooling by drops from a 
burette 2 ml concentrated HgSO, + 1 ml 1% formaldehyde 
solution (Alberti's reaction). A rose color develops within 
45-60 minutes. Color measurements were made in a photo- 
Fig. 1. Chromatogram of glycoalka- electric colorimeter with a blue light filter. Readings were 
loids from shoots (5) and leaves (9 ) of compared with a calibration curve and the amount of glyco- 
potato. alkaloid in the spot was found. Measurements were made in 
triplicate; from the average value the ratio of the glyco- 
alkaloids was calculated. Since the color is produced by the 
by the aglucone, a-solanine and a-chaconine can be determined from the same calibration curve. 


In order to check the accuracy of the method and its suitability for determination of solanine and chaconine 
in mixtures, to the chromatogram was applied an exact amount of each glycoalkaloid, and also a mixture, and 
they were determined by the method described above. 


Table 1 shows that the accuracy obtained in the individual determination of glycoalkaloids permits the use 
of this method for analytical purposes. 


Several organs of the potato plant were analyzed by this method. 


In Table 2 is given the glycoalkaloid content of shoots and Icaves of the potato variety “Berlikhingen”. As 
markers on the chromatograms were used solanine and chaconine isolated by us from potato shoots (see Figure 1). 
Rg of solanine and chaconine was usually not determined, since these alkaloids move very slowly on the saturated 
paper, while the solvent moves very fast (6-7 cm per hour). Thercfore the chromatograms were set up for running 
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through of solvent. For the distribution characteristic of spots relative to one another the coefficient Ry, was 


used: _ tate of movement of chaconine on paper _ 2 
aS rate of movement of sclanine on paper 


ote 
Chaconine 


Fig. 2. Chromatograms of sugars from hydrolyzates - 
of chaconine (sugars from below upward; glucose, 

thamnose ) and of solanine (sugars from below upward: 

galactose, glucose, rhamnose). 


Separation of Glycoalkaloid Sugars on Paper 


For determination of the composition of sugars in the glycoalkaloids solanine and chaconine, ascending 
paper chromatography was used; solvent: benzene, butanol, pyridine, water [7]. Chromatograms were cut in the 
form of strips with narrow necks (8) (Figure 2), to which was applied the alkaloid hydrolyzate, The solvent 
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TABLE 3 combination indicated above and special shape of 
chromatograms permitted clear separation of galac- 
tose and glucose in mixtures. 20 mg glycoalkaloid 
Amount Glycoalkaloid (solanine or chaconine) was hydrolyzed 3 hours with 
Fractions composition 2 mi 1 N H,SO, on a boiling-water bath. The hydro- 
lyzate was neutralized with 10% NaOH to neutral reac- 
tion with universal indicator. The aglucone precipitate 
was filtered off and to the chromatogram was applied 
20-30 y1 of filtrate. Solvent was passed through 
twice — 10-12 hours each time. Chromatograms were 
dried in air and developed with aniline -phthalate 
reagent, The chromatograms obtained were compared 
with the control, to which was applied 10 #1 of a mix- 
— ture of 1% solutions of glucose, galactose and rham- 
325 Solanine 
Total: 665 


From Figure 2 is seen that while in a-solanine 3 sugars are clearly visible — galactose, glucose and rham- 
nose, in «-chaconine only glucose and rhamnose are found qualitatively. 


Separation of Glycoalkaloid Sugars on a Column 


For preparation of pure chaconine ,chromatography on a column of Al,Oy was used. A mixture of glyco- 
alkaloids, obtained in the usual way from potato shoots, was used for separation. It was first established by paper 
chromatography that the mixture consisted of 40% solanine and 60% chaconine. 


Alkaloid Distribution According to Column Fractions. 


Contained no glyco- 
alkaloid 
Chaconine 
Chaconine and 
traces of solanine 
Chaconine and 


For separation of 0.65 g of the mixture, dissolved in 40 ml n-butanol saturated with water, a column 
3.6 x 10 cm was used, The column was packed with dry “aluminum oxide for chromatography". For develop- 
ment of solanine n-butanol saturated with water was used. The eluate from the column was collected in separate 
fractions, whose composition was determined by paper chromatography. Fractions of the same composition were 


‘combined, n-butanol was evaporated under vacuum to dryness and the residue weighed. 


From Table 3 is seen that in chromatographic separation on a column we obtained complete recovery of the 
amount of alkaloids applied. The amount of solanine and chaconine, obtained by separation on a column, agreed 
well with the data obtained on analysis of the preparation by quantitative paper chromatography, Consequently, the 
accuracy and suitability of the method of quantitative paper chromatographic determination of solanine and chaco-— 
nine hasbeenconfirmed by the method of column chromatography, Chaconine after evaporation: of butanol was dis- 
solved in 96%hot ethyl alcohol. On cooling it crystallized in long, very fine needles, in the form of rosettes, After re- 
crystallization from 80 %alcohol chaconine melted with decomposition at 230 -236°, Its optical rotation was; [«}5, = 
= — 85° (in pyridine). 


The preparation of chaconine obtained upon chromatography showed complete homogeneity. 
SUMMARY 
Quantitative determination of potato glycoalkaloids by the method of paper chromatography is proposed, 


Quantitative preparative separation of the glycoalkaloids was carried out on a column of aluminum oxide. 
Received June 12, 1956, 
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ELECTROPHORETIC STUDY OF THE FRACTIONAL COMPOSITION OF SKELETAL 
* MUSCLE PROTEINS OF VERTEBRATES IN ONTOGENESIS 


I. I. Ivanov, V. A. Yuryev, V. V. Kadykov, B. M. Krymskaya, 
V. P. Moiseeva and S. E. Tukachinsky 


Department of Biochemistry, Institute of Pediatrics and Medicine, Leningrad 


The capacity for contractility of muscle fibers is due to the presence of proteins specialized for this func- 
tion. 


The relation between change in physical state of these proteins and splitting of ATP was established by 
work of Engelgardt and Lyubimova [1] and by the Hungarian school of biochemists [2]. Together with proteins 
of the actomyosin complex, present in the somatic striated musculature of vertebrates, in the tonic smooth 
muscles of mesenchymal origin, performing a constrictor function and not capable of rapid contractile reactions, 
the presence was established by electrophoresis of a protein of somewhat different character (Ivanov and Blokhina 
(3); see also (4, 5] ). It should be emphasized that in the smooth motor musculature of invertebrates, having 
the capacity for contractile reactions of a tetanic character and being essentially a modification of musculature 
of the somatic type, proteins of the actomyosin complex are present in approximately the same amounts in which 
they occur in the striated musculature. 


Ivanov and Kasavina [6], studying contractile proteins of the somatic muscles in ontogenesis, showed that 
in muscles of newborn rats and mice and in musculature of guinea pig embryos, proteins of the actomyosin com- 
plex can be found in but slight amounts. These data are in good agreement with the known fact that in the pro- 
cess of development of the nerve-muscle apparatus in embryonic and postnatal periods of life of the animal the 
tonic contractile reaction in course of time is replaced by the nontonic (Orbeli [7]). 


In the present paper the results are given of an electrophoretic study of the fractional composition of the 
somatic musculature of animals (rabbits) at various stages of embryonic and postnatal development. Parallel 
with electrophoretic study of muscle extracts, observations were also made on the character of the contractile 
reaction of individual muscle fibers and protein threads in the presence of ATP. 


METHODS 


The striated musculature of rabbits was studied (dorsal muscle, muscles of the extremities). Adult animals 
were killed by air embolus, newborn and embryos — by decapitation. Skinned carcasses of animals were kept on 
ice until used. Excised muscles were lightly washed with cold twice -distilled water to remove blood and then 
ground in a cold mortar with quartz sand, Further weatment of the homogenate and preparation of a protein ex- 
tract suitable for electrophoresis was carried out by methods described previously [3]. The slightly opalescent 
protein solution was dialyzed in the cold with stirring against phosphate buffer (0.048 M Na,HPO,, 0.006 M 
NalH],PO, and 0.25 M NaCDof ionic strength 0.4 and pH 78. On complction of dialysis the protein solution was 
diluted with buffcr solution to 0.7-0.8%, 


Electrophoresis was conducted in an apparatus of the Tiselius-Svenson type for 4-4.5 hours at 75-80 ‘v and 
current strength 20 ma, 
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Fig. 1. Electrophoregrams of striated muscle proteins of adult rabbit; 
a — free electrophoresis; © — paper electrophoresis. 


a b c 


Fig. 2. Electrophoregrams of striated muscle proteins; 
a— 3-day-old rabbit; b— newborn rabbit; — rabbit em- 
bryo. 


The relative percent sontent of individual fractions was calculated by measurement of the ratio of the 
areas under individual peaks. 


Parallel with electrophoresis acc2rding to Tiselius analyses were made by paper electrophoresis of the 
same protein extracts. Electrophoresis was carried out on * fast" chromatographic paper (Volodarsky plant) at 
potential gradient 4-6 v/cm and current strength 0.5 ma per cm cross-section of the paper strip (paper strips 
30 x 3cm, distance between electrode sections about 20 cm). Protein solution was applied to the paper in the 
amount of 0,02-0.04 ml in the form of a streak perpendicular to the long axis of the paper strip at the edge 
immersed in the solution of the cathode section. Phosphate buffers of ionic strength 0.2-0.4 and pH 7.8 were 
used. Electrophoresis was continued 8-12 hours at 4°, Part of the experiments were conducted with entirely 
satisfactory results at room temperature, The dry electrophoregrams were heated in a drying cupboard at 105° 
for 5 minutes, then colored in the usual way with bromphenol blue. Determination of the color density of 
various sections of the paper electrophoregrams was made by means of a densitometer. For determination of the 
relative content of individual fractions, curves were constructed from the data; optical density — length of the 
respective section of the electrophoregram and then areas under the individual peaks were measured. 
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Fig. 3, Electrophoregram of striated muscle proteins of rabbit 
embryo, 


RESULTS 


By means of Tiselius electrophoresis electrophoregrams were obtained of striated muscle proteins of the 
adult rabbit (2 cases), 3-day-old rabbit (2 cases), newvorn (1 case) and embryos of 24-26 days of fetal life, 
ie. killed approximately 4-6 days before normal delivery (2 case's), Considerably more cases were studied by 
paver electrophoresis, It must be noted that on the electrophoregrams no significant individual differences were 
found in composition of muscle proteins of animals of the same age. 


In Figure 1 are given the electrophoregrams we obtained of muscle proteins of the adult rabbit. In 
Tiselius electrophoresis (Figure 1, a) two peaks are clearly shown; I corresponding to the “actomyosin® and 
II — to the *myogen" fractions.* This picture is very well known from the literature. 


In paper electrophoresis likewise two spots are clearly revealed, due to the presence of two protein frac- 
tions ( Figure 1, b). 


The fractional composition of muscle proteins of newborn animals (Figure 2, a and b) and embryos (Fig- 
ure 2, c) differs considerably from that of muscle proteins of the adult animal. 


Attention is first attracted to the appearance on these electrophoregrams of a new more mobile fraction. 
Facts |:nown in the literature concerning the occurrence of ancmalous peaks during protein electrophoresis, due 
to the presence at the boundary protein — buffer of a salt concentration gradient, compelled us to approach very 
carefully the evaluation of the electrophoretic picture obtained. Usually anomalous peaks arise in electrophoresis 
of concentrated protein solutions close to the position of the initial boundary. In our experiments protein con- 
centration was relatively low, and the new fraction had the greatest mobility. However, Moore and Lynn (8) 


observed in e. :ctrophoresis of blood plasma proteins the appearance of a peak of greater mobility than albumin, 
but which was found to be anomalous. 


Possible doubt as to the true protein nature of this new electrophoretic fraction is excluded by the result 
of repeated experiments, in which definite changes in it were observed, depending on the object of study. The 
area, formed by the new peak, and consequently the relative concentration of the protein fraction corresponding 
to this peal, increased uniformly with decrease in age of animals from whose muscles the extract was obtained, 


The data on paper electrophoresis of muscle, extracts of newborn animals were also very graphic. In this 
case there were on the electrophoregram instead of two — three protein spots (Figure 3). 


Together with appearance of a new peak on the electrophoregram of protein extracts of muscles of newborn 
animals and embryos there are also observed other changes, Parallel with increase in area of the new peak, the | 
peah corresponding to the “actomyosin" fraction decreases and almost vanishes, . 


In the table the percent content of protein fractions in muscle extracts of the adult and newborn rabbit and 
embryo is given from the electrophoretic data, 


There is observed a clear inverse relation between percent content of proteins of fraction I and of the 
“actomyosin™ fraction, while percent content of the “myogen" fraction changes little. 


* Here, as later, the serial-numbering of peaks is given from left to right, while protein migration proceeds from 
right to left, 
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Fig. 4. Electrophoregrams of striated muscle proteins of rabbit embryo at single success- 
ive stages of separation; ; 


a—e-— single successive stages of electrophoresis (see text). 


Content of Protein Fractions in Muscle Extracts of In connection with what has been said it was of 
Rabbits great interest to follow the course of electrophoretic 
separation of muscle proteins of embryos with time. 
In Figure 4 are shown separate stages of this process. 
In Figure 4, a, b and c is seen the gradual stratifica- 
tion of the protein with formation of three peaks, 
42.3 Later peaks I and III become clearer and the areas 
52.8 under them increase, In the latter two stages of 

electrophoresis (Figure 4, d and e) it is seen that 
peak II, which earlier (Figure 4, c) might have been taken for *actomyosin*, gradually stratifies, and the area 
under the first peak simultaneously increases. The form of peak I— thickened contour, diffuse boundary — 
indicates nonhomogeneity of the respective protein fraction. 


Content of protein fractions in % 


Adult 
Newborn 


Embryo 34.5 | 12.7 


It should be noted that to the difference in fractional composition of the muscle extracts there also cor- 
respond other features of these proteins. Muscle fibers of newborn rabbits, which have been water-soaked, in 
agreement with data published previously [6], have less contractile capacity on addition of ATP than water- 
soaked fibers of adult animals, Water-soaked fibers of embryo muscles in general do not display this capacity. 
Protein threads contract to a lesser degree in the presence of ATP, the younger the animal from whose muscles 


they were obtained. Threads, obtained from muscle proteins of embryos, displayed tninimal capacity to con- 
tract in the presence of ATP. 


SUMMARY 


In the embryonic and early postnatal period of animal development profound changes occur in fractional 
composition of proteins of the striated musculature in the direction of gradual enrichment in the *actomyosin® 
fraction, whose precursors evidently are proteins of the “proactomyosin complex". 


These shifts in fractional composition of proteins of the striated musculature in ontogenesis are clearly 
shown in electrophoretic study of muscle proteins, dissolved in salt media of ionic strength about 0.4, It is 
entirely possible that similar shifts also occur during ontogenesis in composition of proteins of the muscle 
stroma, which are not extracted with Weber's solution. This problem is undergoing further study. 
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With respect to content of protcins of the actomyosin complex, embryonic muscles approach the smooth 
tonic muscles of mesenchymal origin of vertebrates, which also corresponds to their physiological type of con- 
tractile reaction. 


Received June 15, 1956 
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THE INTERACTION BETWEEN BORATE AND DEXTRAN 


K. Zakshevsky,, Z. Mai and K. Muravsky 


Department of Biochemistry, Institute of Hematology, Warsaw, Poland 


r The ability of borate to react with polyhydroxy] alcohols has been repeatedly utilized for both preparative 
and analytical purposes. Borate reacts especially actively with those polyhydroxy] alcohols, whose adjacent 

, OH-groups are in the cis position. The borate-diol complex formed manifests strong acidity and a number of 

; other physicochemical properties, distinguishing it from the original diol. 


4 Boric acid dissociates in water according to the reaction: 


HO 
‘ \ 
11;BO, H,0 => B H+ 


HO OH 


Depending on the ratio of concentrations of horate and polyhydroxyl substance, complexes can be formed of the 
types: 


I 
| 


- 
=C-—-O Non 
| | @D) 


Compounds of the BD, type arise when there exists a considerable excess of hydroxyl groups. Gradually, 
with increase in borate concentration the amount of complexes of the BD type increases, In concentrated borate 
solutions the amount of compounds of type A increases [1]. 


The reaction of borate with polysaccharides proceeds essentially analogously to its reaction with simple 
substances, for example with monosaccharides, although here some differences are observed, In the first place 
it should be pointed out that acidity of the solutions does not undergo great change, in spite of the fact that with 
formation of strongly electronegative complexes of the BD and BD, type this would be expected. Characteristic 


features of polysaccharide -borate complexes are also their increased viscosity, molecular weight and electro- 
phoretic mobility (2-5). 


These facts are readily understandable with respect to polysaccharides, containing in their molecule simple 
carbohydrates with free adjacent hydroxy! groups in the cis position, as for example galactose and mannose. 
Polysaccharides of this kind (polygalactans, polymannans, blood group substances) were the object of a study of 
the reaction mechanism of borate with polysaccharides, It was found, however, that polysaccharides, composed 


exclusively of carbohydrate, having no cis-hydroxyl groups — of glucose, also display in borate buffers an in- 
creased electrophoretic mobility [6]. 
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M of buffer Molecular wt. 


Fig. 1. Relation of electrophoretic mo- Fig. 2. Relation of electrophoretic 
bility of dextran to molarity of borate mobility of dextran to its molecular 
buffer. weight, 


- In connection with what has been said it was of interest to determine whether dextran (1, 6-poly- a- 
glucosan) displays electrophoretic mobility in borate solution. The experiments described in the present paper 

| have shown that this actually occurs and that the rate of electrophoretic migration is directly proportional to 

; molecular weight of the polysaccharide (within the limits 20,000-60,000). 


Precise determination of the structure of the dextrans used in the experiments made it possible to further 
reveal the mechanism of the intera tion of borate with polyglucosan. and led to the conclusion that the complex 
formed is an acyclic borate derivative, that is, in a state of complete saturation each hydroxyl group of glucose 
* is substituted with one boric acid radical. 


EXPERIMENTAL 
Material and Methods 


; Dextran, Dextran fractions used for experiment were described previously [7, 8]. These fractions were 
obtained by addition of ethanol to clinical dextran — *polyglucan" [9] — with collection of precipitates at 40, 
50 and 70% ethanol concentration, The isolated precipitates were dissolved, dialyzed and again precipitated at 
the respective ethanol concentration, this process being repeated two or three times. The final preparations were 


dialyzed against distilled water and lyophilized. Molecular weights of preparations so obtained were calculated 
by the formula; 


where R — universal gas constant, T = absolute temperature, v- partial molar volume, n — viscosity of the 
medium in poises, D = diffusion constant, f,/f —friction coefficient, 


The asymmetry value was calculated from data on viscosity measurement by means of Heppler's visco- 
meter, the diffusion constant was determined in a vessel of the Tiselius type (see [7] ). 


Borate buffer. Electrophoretic measurements were made in boric acid solutions, neutralized to pH 10. 


Their molarity is given in experiment protocols. pH was measured potentiometrically, with use of the glass 
("alkaline") electrode. 


Electrophoresis was conducted in a standard Tiselius cell 84 x 25 x 3 mm, at 2.5° in white light and 
current strength 20 ma. The various lyophilized preparations were dissolved in the respective buffer and dialyzed 
not less than 24 hours against the same buffer. Areas of individual peaks were calculated planimetrically [4]. 


Electrophoretic mobility was calculated separately from the descending and ascending boundaries, in the latter 
: case correcting for the € anomaly [5]. 
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TABLE 1 


Electrophorctic Mobility of Different Dextran Fractions, 
Incm® vy"! x 1975 


Molecular weight 


Boundary | 
58 000 49 000 


Ascending 4.38 | 4.46 | 4.67] 4.93 | 41.98 2.03 4.99 | 2.27 
Descending 4.46] 1.45 | 1.63 1.90 | 2.05 | 2.07 | 2,44 | 2.33 
Average 1.44 | 1.65 | 1.91 | 2.02 | 2-0 | 2.0 


RESULTS 


1. Relation between molarity of borate buffer and rate of dextran movement. 


To determine the effect of molarity of borate buffer on rate of electrophoretic movement, dextran frac - 
tions of molecular weights 49,000 and 29,500 were used. These fractions were dissolved in 0.025-0.2 M boric 
acid solutions, brought to pH 10 with sodium hydroxide. Electrophoretic mobility data are given in Figure 1; 
circles on the graph correspond to an average of the values for the ascending and descending boundaries, 

Figure 1 shows that at high and at low borate concentrations the electrophoretic mobilities of dextrans of different 
molecular weights differ little from one another. However, in the middle region, from 0,045 to 0.085 M boric 
acid, the rate of movement of the heavy fraction is markedly less than that of the light fraction. 


2. Relation of molecular weight to rate of electrophoretic movement, 


In Table 1 are given the experimental data obtained for various fractions dissolved in 0.05 M borate 
buffer at pH 10, 


By taking the molecular weight values of the various fractions and the corresponding averages of the re- 
sults in Figure 1, the relation can be shown graphically between molecular weight and rate of movement 


(Figure 2). The straight line in Figure 2 was plotted according to the method of least squares and is expressed 
by the equation; 


u = 0.21°10* M + 2.69. 


3. Separation of dextran mixtures. 


The linear relation shown above between molecular weight and electrophoretic movement indicated the 
possibility of an electrophoretic separation of a mixture of different dextran fractions in ~ 0.5 M borate buffer, 
To check this assumption two-component mixtures of dextran fractions in 0.05 M borate buffer, pH 10, were 
used, Solutions of the fractions were dialyzed against the same buffer and studied electrophoretically. The 
curves obtained are given in Figure 3(a-d), results of calculations and composition — in Table 2. 


Table 2 shows that for mixtures, containing fractions with relatively Jarge differences in molecular 
weight (18,000-58,000), the quantitative recovery is very good (about + Th). The electrophoretic mobility of 
each component of the mixtures corresponds (within limits 10%) to that of the given component, determined 
separately, When the differences in molecular weight are reduced, accuracy is reduced of determination of the 
degree of participation of each component in the mixture, and separation in the electric field can not be 
attained, at least in the course of the running time we usually employed (about 20,000 seconds). 
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Fig. 3, Electrophoretic curves of mixtures of dextran fractions of different molecular 
weights; 

a — electrophoretic curve of mixture of dextran fractions (mol. wts. 58,000 and 19,200) 
after 9,500 sec, 

b — of mixture of dextran fractions (mol. wts. 52,000 and 18,000) after 10,600 sec. 

c — of mixture of dextran fractions (mol, wts, 36,000 and 18,000) after 17,000 sec. 

d—- of mixture of dextran fractions (mol. wts, 48,000 and 29,000) after 15,000 sec. 


TABLE 2 


Electrophoretic Separation of Mixtures of Dextran Fractions. 


Results of electrophoresis 


Concen- | % of frac-|u of fraction in 


Molecu- Composition of mixture 
lar wt. of |Concen-|% of frac- | u of fraction in 


Yield of | u of fraction 
fractions] u of fraction 


dextran jtration mixture in tration tion in mixture in in 
fraction em*y 410-5} in mixture |cm? mixture 
58,000 0.005 33.3 1.45 0.0054 36.3 1.34 109.6 1.08 
19,000 0.01 66.6 2.30 0.0096 63.7 1.95 95.6 1.18 
52,000 0.01 50.0 1.58 0.0093 46.7 1.61 93.4 0.98 
18,000 0.01 50.0 2.32 0.0107 53.3 2.42 106.6 0.96 
36,000 0.005 33.3 1.91 0.0060 39.8 1.92 119.5 0.99 
18,000 0.01 66.6 2.32 0.0090 60.2 2.42 90.4 0.96 
48,000 0.1 50.0 1.65 - - 1.70 - - 
29,000 91 50.0 2.05 - - - 


DISCUSSION OF RESULTS 


Both the results given in the present paper and the data of Northcote [6] demonstrate that polysaccharides, 
composed only of glucose, display in borate buffers characteristic electrophoretic mobility. This fact, however, 
is not in agreement with the accepted theory of the mechanism of reaction of borate with polyhydroxy] alcohols, 
Glucose residues do not contain hydroxy] groups in the cis position, with the exception of the outer glucose with 
free C-1. But the electrophoretic mobility of dextran is not the result of formation of only one strongly electro- 
negative complex in the outer glucose residue in the chain, This is demonstrated by the determination of 
“valence, that is, of the amount of ionizing groups of the dextran-borate complex. 


Two homogeneous dextran preparations — one of molecular weight 36,500 and the other of 29,000 were 
analyzed electrophoretically in 0.025, 0.05 and 0.2 M borate buffers, with determination in the same medium of 
the diffusion constant, resulting viscosity and partial molar volume. For determination of the molecular char- 
acteristics of these same dextrans, but not complexed with borate, corresponding analyses were conducted in 0,15 
M NaCl, brought to pl! 10 with sodium hydroxide. The results obtained are given in Table 3, 
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TABLE 8 


Physico- and Electrochemical Constants of Borate -Dextran Complexes. 


° 
° - | 
e 
3° 


0,2 5,00 753 14 2.20 | 37.28 | 49.55 
0,06 5.42 61 200 14 1.58 16.83 23.34 
36 500 0.025 6.65 42 €00 12 0.20 1.48 . 
0,0 
(0,15.M NaCl, pH 10) 6.53 36 500 14 0.0 0.0 ° , 
0,2 6.18 59 700 10 2,20 25.44 32.75 
29 000 0,05 6.43 46 100 12 1.75 12.54 15.64 
0,025 7.44 34 900 if 0.20 1.00 4,28 
0,0 


Assuming a spherical form for a molecule of dextran-borate complex, the charge of this molecule (in 
coulombs) can be expressed by the formula; 


(1 + xr + xr,) 


The charge in coulombs, multiplied by 300/48 x 10°*, gives the amount of unit negative charges on the mole+ 
cule. In the above formula u — rate of movement in cm?y~ sec i « — reciprocal of thickness of the double 
layer, taken as 0.411 A, rj — average radius of ions in the medium, taken as 2,5 A, r— radius of the assumed 
spherical particle, calculated from the diffusion constant by the formula; 


kT 
6xnD’ (3) 


where k — Boltzmann's constant; other symbols are the same as in formula (1) [10]. But the dextran molecule 
is not spherical, and its degree of deviation from the spherical form can be determined by comparing the radius 
of a hydrated sphere, calculated from the diffusion constant (3), with the radius which would correspond to a 
spherical particle of molecular weight M and density 1/V(1). As the result of this type of calculation the 
asymmetry values (1/d) of the dextrans and dextran-borate complexes are obtained, which are given in Table 3, 
Knowing the asymmetry values and using the table of Abramson et al. ([10}, p. 132), it is possible to convert 
the “valence™ of a spherical molecule to the valence of the actual ellipsoid particle;. these calculations are 
given in the last column of Table 3, 
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TABLE 4 _ These data show that in the entire range of 
borate concentrations studied, the average amount 
of charges of the borate -dextran complexes is 
greater than 1, and that it increases gradually with 
Type of Boron in molcs per mole of glucose increase of borate molarity, Hence it follows that 
Borate Dextran there enters into the reaction with borate not only 
residuc M__ 36,500 the outer pair of hydroxyl radicals of the dextran 
B(OH) chain, but many more. 


B(OH), The amount of borate residues, which can be 
B(OH); bound by dextran, is a function of its molecular 
weight, since each glucose residue in the chain with 

1, 6-glucoside bonds has three free hydroxyl groups. Lateral chains, having these same bonds, block the hydroxyl 
group at C -4 of the corresponding glucose residues of the main chain, but, having a free OH-group at C-6 of its 
outer glucose residue, they do not change the average value — three OH-groups for every glucose residue of dex- 
tran, The presence of the two additional OH-groups of the outer glucose residues of the main chain do not 
essentially influence this value in dextrans of molecular weight about 30,000 (about 200 glucose residues in the 
particle). 


Binding of Borate by Dextran in Possible Types of 
Complexes, 


From the above it follows that maximal saturation of dextran with borate can not exceed 3 borate residues 
per 2 glucose residués, assuming that the reaction leads to formation of a compound of the A or BD type (see 
introduction). Steric conditions make less probable complexes of the BD (and BD,) type, in which tetracovalent 
borate reacts with an angle between valences of 109° [1]. Complexes of trivalent borate (120° angle between 
valences), that is, compounds of the A type, could nevertheless be formed, especially in a helical dextran 
molecule [7]. 


Here it should be recalled that complex formation between two molecules of dextran and one borate ion 
(the so-called borate bridge), as Zittle [2] assumes, is excluded in view of the possibility of electrophoretic 
separation of a mixture of different dextran fractions and in view of the existence of the identical electrical 
mobility of the products of separation and of the original fractions. 


The amount of borate residues, bound to dextran, can be calculated by measuring the molecular weight of 
dextran and of the corresponding borate-dextran complex. The data relating to this are given in Table 3. The 
difference between these weights is due to addition of borate particles and elimination of a corresponding amount 
of water particles. 


The reaction of borate with a glucose residue consists essentially of addition of a borate residue of over-all 
formula B(OH) or B(OH), to a glucose anhydride residue, a part of whose hydroxy] groups are deprived of 
hydrogens (see above — formulas A and BD). Thus, deduction from the molecular weight of the borate -dextran 
complex of the molecular weight of the dextran minus 3 (three hydrogen atoms) for each glucose residue in the 
particle gives the increase in weight, corresponding to the sum of added borate residues. Hence, by taking the 
molecular weight of the corresponding borate residue and the amount of glucose residues in the dextran particle, 
the amount of boron ions, bound by one glucose residue, can be calculated. Results of such calculation for 
borate -dextran complexes, formed in 0.2 M boric acid solution of pH 10, are given in Table 4. 


From Table 4 is seen that formation of complexes of the A or BD type is impossible, since instead of the 
maximally permissible amount of 1.5 borate residues per 1 glucose residue is found for two different dextrans 
the value ~ 6 (for B(OH)) and ~ 4(for B(OH),). The results obtained comply with the hypothesis that each 
borate residue reacts with only one hydroxyl group and maximal saturation is equivalent to 3 borate residues per 
1 glucose residue, Saturation close to this value is given by the calculation based on the assumption that a 
trivalent borate residue (B(OH) ~) enters into the reaction, and a value identical to this is given by the calcula- 
tion based on the assumption that to each OH-group of glucose is bound one residue of tetracovalent borate 
(B(OH)s ). However, the low degree of dissociation of boron residues bound to dextran (~0.4% at pH 10) makes 
this second possibility less probable. 
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SUMMARY 


Homwgeneous dextran fractions have in borate solution of pH 10 an electrophoretic mobility proportional 
to the molecular weight of the dextran within the limits 18,000-60,000, 


Rate of electrophoretic movement of dextran depends on molarity of the borate. The greatest difference 
in rate of different dextran fractions is observed in 0.045-0.085 M buffers. Both in more and in less concentrated 
solutions of boric acid this difference decreases. 


The possibility has been established of electrophorctic separation of mixtures of dextrans, differing in 
molecular weight. 


The number of bound borate residues considerably exceeds 1.5 per glucose residue, which excludes the 
possibility of formation of cyclic borate -diol compounds. 


The experimental data obtained best comply with the hypothesis that each hydroxy] group of glucose is 
bound upon saturation to one borate residue. 


Received June 18, 1956 
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SPECIES DIFFERENCES IN CHEMICAL STRUCTURE OF GLYCOGENS 


E. M. Afanasyeva and B. N. Stepanenko 


Laboratory of Physiological Chemistry, Acad. Sci. USSR, Moscow 


Concepts of glycogens, as of polyoses, with strongly branching chains of glucose radicals, bound by a-1,4- 
glucoside bonds, and at branching points by a-1,6-glucoside bonds, have been obtained, as is known, chiefly on 
the basis of work of Haworth [1] and K. Meyer [2, 3], who investigated in detail the glycogen of molluscs (the 
latter are a convenient source of glycogen since they contain 14% of the dry weight). On the basis of certain 
facts and especially of recent work of Cori's school [4] of the two schemes of glycogen structure — the laminar of 
Haworth and the branched of K. Meyer [3] — the latter is to be preferred, 


The following questions, however, are quite pertinent; 1) can Mcyer's scheme, proposed on the basis of 
study of glycogen of only one animal species, be accepted for glycogens of all other animals? 2) if species 
differences in glycogens exist, in what do they consist? 


In spite of the many studies which indicate the differences and variability of glycogens (see for example 
(6, 7}), direct data on chemical differences in glycogens are not numerous, Until recently there have been found 
in the literature, as a rule, either data on molecular weights of various glycogens, or (see for example [8, 9]) 
some property such as “chain unit® (i.e., the number of glucose radicals belonging to one terminal nonaldehyde 
radical). Inasmuch as these studies have usually been made by various authors, comparison of results is difficult, 
It must likewise be emphasized, that the structure of the central part of the glycogen molecule, its “nucleus", 
formed after splitting off of peripheral chains of glucose residues by 8 -amylase, has been studied only in glyco- 
gens of molluscs [3] and rabbits [4], and here the problems were diffezent and different methods were used, This 
makes impossible a comparison of the data obtained with respect to species differences. The type of bond at 
branching points was also studied in only two glycogens [1, 3], although the question is of great interest. 


To answer the question raised, we made a detailed comparative study of liver glycogen of the rabbit and 
frog. 


The choice of material was dictated by the following considerations; 1) Inasmuch as these animals repre- 
sent both warmblooded and coldblooded, greater differences in the glycogens might be expected; 2) we had 
studied both glycogens previously with respect to the iodine reaction and its changes during gradual shortening 
of the external branches by 8 -amylase (10, 11); 3) glycogen of the frog — an animal so often used for experiment 
— is at the same time one of the least studied, 


Information in the literature has left no doubt that the structural unit of these glycogens is a-glucose. 
a-Amylolysis with formation of maltose indicated that the most often recurring bond in these polysaccharides is 
the a-1,4-glucoside bond, 8 -Amylolysis, leading to formation of B -dextrins, indicated the presence of a branched 
chain in molecules of both glycogens, 


Thus, for chemical characterization of glycogens it was necessary to establish; molecular weights, cleava- 
bility by amylase with formation of B -dextrins, average chain unit of glycogens and of their 6 -dextrins and the 
type of glucoside bond at branching points, On the basis of the data obtained, average lengths of external and 
internal branches of the glycogen molecules could be calculated, 
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Liver glycogen of rabbit and frog was obtained according to Ostern [13] and purified by reprecipitations 
with alcohol, The preparations obtained Icft no ash, containcd 8-10% moisture, 0.025-0.1% nitrogen and indeter- 
minate traccs of phosphorus, 


Determination of Molecular Weights of Gl cogens 


For determination of molecular weights we used the method of Meycr [14], which consists essentially of 
oxidation of the polysaccharide with dinitrosalicylic acid and photometric estimation of the reaction products in 
comparison with producjs obtained upon oxidation of maltose. This method, no Icss accurate than physicochemi- 
cal methods, has been successfully applied in recent years in polysaccharide chemistry, 


All polysaccharide preparations were carefully dialyzed in the presences of toluol and,since they were used not 
only for determination of molecular weights but for other studies as well, precipitated with 3-4 volumes of 
aldchyde-free ethyl alcohol, 


For cach of parallel determinations dialysis was carried out separately, which served as one means of 
checking the method, After filtration through a hard filter (Wattman No. 50) and drying the precipitate over 
P,O, a part of the preparation was hydrolyzed by acid and the polysaccharide content found from glucose deter- 
mination in the hydrolyzate (moisture determination is a less accurate method}. 


In accordance with Mcyer's method a standard curve was constructed for oxidation of maltose (in the 
amounts 0.2-2.0 mg) by 3,5-dinitrosalicylic acid. The latter (m.p. 174°) was synthesized according to Sumner 
(15). 


Batches of glycogen (200-250 mg, dry weight) were dissolved in 2 ml water and to each solution were added 
1 ml 1% 3,5-dinitrosalicylic acid solution and 1 ml 6 N NaOH, as in construction of the standard curve. The 
reaction mixture was kept at 65° in a water bath for 30 minutes. The control mixture was a solution of glycogen 
in 3 ml water and 1 ml 6 N NaOH, to which after 30-minute heating and subsequent cooling 1 ml dinitrosalicylic 
acid solution was added, Experimental and control solutions after cooling were diluted with water to 24 ml and 
subjected to photometry in a Pulfrich photometer with 200-mm cuvette and dark green light filter(A = 500 my). 
Then from the standard curve the amounts of maltose were found to which the extinctions obtained in the experi- 
ments on oxidation of glycogens (and their 6 -dextrins) corresponded, 


Molecular weights were calculated according to the formula M = 2 . 162 2 , where 2 is the degree of maltose 
polymerization, 162 the equivalent weight of a glucose radical, a the content of glycogen or 6 -dextrin and 
b the amount of maltose found for a given experiment from the standard curve (i.e., containing the same amount 
of aldehyde groups as the given weight of glycogen [1]). 


Variation in duplicate determinations was ~ 9%, indicating good reproducibility of the method (it is known 
that.in determination of molecular weights of high polymers very large variations are usually observed). 


For an additional check of the method we used the following means. Molecular weights of dextrins can be 
calculated on the basis of the molecular weights found for the original glycogens and the degree of cleavability 
by 8 -amylase of these glycogens. Comparison of the molecular weight values for 6 -dextrins found experiment- 
ally with the calculated ones shows them to be close (Table 1). 


In Table 1 for each preparation two values for the molecular weights are given, representing the extremes 
of variation in repeated determinations. Values for the molecular weights found for various glycogens are 
475,000-1,134,000, which is close to the values found by Oakley and Young [16] for rabbit liver glycogen by the 
osmometric method. We found no differences in the values for molecular weights of glycogens of rabbit and frog. 


Determination of Cleavability by B-Amylase and Formation of 8 -Dextrins 


The determination of cleavability of branched polysaccharides by 8 -amylase provides important data on 
the ratio of glucose radicals in the external branches and internal part of the molecule, 


The needed 6 -amylase was isolated from soybean flour; preparations were carefully freed of admixtures of 
a-amylase and maltase, Determination of cleavability was carried out under conditions optimal for 8 -amylase 
activity. 
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TABLE 1 


Average Molecular Weights of Glycogens and Their 6 -Dextrins 


Preparation Average molecular weight 
found calculated 
Glycogen of rabbit liver Oct. 26 511 ,000 2 
475,000 
Its B -dextrin 265,000 
232.000 250,000 
Glycogen of rabbit liver (partially 
hydrolyzed) 247,000 
225,000 
Its 8 -dextrin 115,000 
112,000 115,000 
Glycogen of rabbit liver Oct. 23 1,134,000 mn 
Glycogen of frog liver Nov. 20 485,000 23 
522,000 
Its 6 -dextrin 239,000 
304,000 262,000 
Glycogen of frog liver Feb. 17 662,000 - 
Glycogen of frog liver Feb. 23 1,009,000 > 


As the data indicate, as shown in part in Table 3, cleavability values for glycogens of rabbit and frog are 
close (47-51%), which makes impossible a definite conclusion concerning differences in ratio of glucose radicals 
in the external chains and internal part of molecules of frog and rabbit glycogens. 


B -Dextrins were isolated by alcohol precipitation and carefully purified by repeated reprecipitation. We 
were convinced of the completeness of cleavage in each preparatidn-on the basis of control experiments (action _ 
of fresh portions of enzyme on the purified 6 -dextrins isolated). 


Determination of Average "Chain Unit" 


Determination of average “chain unit" was carried out by end-group analysis, made by the method of 


periodate oxidation, which is not less sensitive than the method of methylation with the expenditure of much less 
polysaccharide and time [17]. 


The method is based on the formation of one molecule of formic acid as a result of oxidation from each 
non-aldehyde terminal glucose radical of the polysaccharide. In the case of branched polysaccharides, the formic 
acid formed from an aldehyde glucose radical is considered negligible, and the number of formic acid molecules 


formed is considered equivalent to the number of non-aldehyde terminal glucose radicals in the original polysac- 
charide, 


We used the technique of Potter and Hassid [18] as a basis. To check the periodate action and to determine 
the time necessary for glycogen oxidation, maltose oxidation was first carried out (as a lower representative of 
the polymer homolog series of the polymaltoside type). 220 mg maltose (dry weight) was dissolved in 10 ml 3% 
NaCl, 10 ml 0.35M Nal, added and the mixture put in the icebox at 4-6°, After definite time intervals 1 ml 
samples were removed, in which excess periodate was decomposed by addition of a few drops of ethylene glycol, 
and the formic acid was titrated with 0.01 N NaOH and indicator; methyl red + methylene blue. Control samples 
(without maltose) were titrated in parallel. In conformity to theory, oxidation was practically complete when 
formation of three moles of formic acid had occurred from each mole of maltose, This took place after 25 hours; 


during the subsequent 25 hours there was no increase in formic acid, indicating the absence under our conditions 
of the process of *superoxidation” 
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Oxidation of glycogens and their 8 -dextrins was conducted under analogous conditions, As in experiments 
with maltose, oxidation of these polysaccharides was practically complcte in 25 hours, 


The amount of formic acid found on titration (minus control) was converted to the number of end-groups 
in the sample, and from this the average value of the “chain unit” was determined (Table 2). 


TABLE 2. 


Average “Chain Unit® of Glycogen Preparations 

Sample in |0.01 N NaOl§*Chain unit® 

Glycogen preparation mg (dry lin ml (minus! (no. of glucose 
weight) | control) | radicals) 


Fromrabbitliver Oct.26 408.2 0.481 13.9 
"April 16 0.533 13.0 
April 16 60.0 0.47 13.3 
Caan... 58.5 0.48 13.4 
From frog liver Feb.20 .....| 104.9 0.55 10.7 
Nov. 104.2 0.546 411.7 
0.546 44.5 


Variation in values, found in duplicate determinations, is 0.5-0.7 of a glucose radical. The values ob- 
tained for various glycogen preparations of each species of animal showed somewhat greater variation; however, 
the chain unit of rabbit glycogen was, as a rule, equivalent to 13-14 glucose radicals, and that of frog glycogen 
to 10-12 radical 


In determination of the “chain unit” of 8'-dextrins, data for which are in part presented in Table 3, we also 
found that in frog dextrins “chain units* were shorter than in those of rabbit glycogen. 


Type of Glucoside Bond at Branching Points of Rabbit and Frog Glycogens 


In order to answer the question, whether glucose radicals in rabbit and frog glycogens are bound at branch- 
ing points in the same way as in mollusc glycogen, i.e, by a 1,6-glucoside bond, or whether they contain 1,2- or 
1,3-bonds, the methylation method could be used, 


In recent years, however, for this purpose the much less laborious method of periodate oxidation with subse- 
quent chromatographic analysis of the hydrolyzate has been widely used. Thus, for example, the bonds at branch- § 
ing points of a number of amylopectins [19] were studied by this method. The principle of such analysis is based 
on the following: If in the polysaccharide there are only 1,4 and 1,6 bonds, then under periodate action on all 
glucose radicals, including those at branching points, bonds between carbon atoms 2 and 3 are broken (inasmuch 
as they are bound to free hydroxyls). 


In this case after hydrolysis of the oxidized glycogen, glucose can not be found in the hydrolyzate. 


But if in the polysaccharide there are 1,2 and 1,3 bonds at branching points, then under periodate action on 
the glucose radicals, occurring at branching points, there does not occur a breaking of bonds between carbon 
atoms (since in this case there are not present two free, adjacent hydroxyls), and the glucose radicals, occurring at 
branching points, will be retained under periodate action, and after hydrolysis of the oxidized glycogen glucose 
can be found, 


Periodate oxidation of glycogen was carried out essentially by the method of Potter and Hassid [14]. The 
oxidized glycogens were dialyzed for 52 hours in the presence of antiseptic, then precipitated by alcohol and 
dried. Hydrolysis of preparations was conducted with 2.5% HCl for 3 hours, Study of hydrolyzates was carried 
out in two ways. In some cases HCl was neutralized with NaOH and then chromatographed with the use as an 
indicator of reliability not only of pure glucose but also glucose in NaCl solution, which excluded the effect of 
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Scheme of oxidation of polysaccharide with 1,6 bonds at branching 
points. 


sodium chloride on the separation. In other cases the acid hydrolyzates were passed through a column of 
anionite, as a result of which the chlorine ion is replaced by OH” (completeness of exchange was checked by the 
silver nitrate test). The hydrolyzates neutralized or treated with anionite, containing ~ 10 mg/ml oxidized 
carbohydrates (calculated on the initial polysaccharide), were coricentrated 10-15 times by repeated application . 
and drying of drops directly on the paper (or after preliminary evaporation under vacuum), In all cases Wattman 
No. 2 paper was used for chromatography with phenol-water as solvent. In some cases an ammoniacal silver 
nitrate solution was used as developer, in others, the more sensitive aniline phthaJate, 


Preliminary control experiments showed that under the given conditions glucose in 0.1% concentration ap- 
pears very clearly. Under the same conditions in hydrolyzates of oxidized glycogens of rabbit and frog, glucose 
could not be found in a single experiment. These results show that if 1,2 or 1,3 bonds are contained in the glyco- 
gen molecules, the amount is less than 0.6% of other bonds (1,4 and 1,6). 


Thus, with respect to the type of bond at branching points, the glycogens of rabbit and frog do not differ 
from that of molluscs. 


Structure of Glycogens of Rabbit and Frog 


The data obtained in the preceding sections provide a conception of the structure of the glycogen molecules 
of rabbit and frog. Obviously these polysaccharides have a number of features in common; the order of magnitmde 
of their molecular weights is the same; the ratio is approximately the same of glucose radicals contained in ex- 
ternal branches, to radicals contained in the internal part of the molecule; in both glycogens there are 1,6-gluco- 
side bonds at branching points; if there are other bonds (1,2 or 1,3) at branching points, their number does not ex- 
ceed 0.6% of the total number of bonds, Thus, in gencral type of structure the two glycogens are rather close. 


At the same time these glycogens also have essential differences; the average value of the “chain unit* of 
rabbit glycogen is greater than that of frog glycogen and, although the differences are not great, they exceed the 
limits of accuracy of the method and are constant, 
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Scheme of oxidation of polysaccharide with 1,3 bonds at branching points. 


Knowing the value of the “chain unit” and cleavability by 8 -amylase, the average length of external 
branches of the molecule can by calculated; 


is, 


Ne = 


where Ng is the average length of external branches; N the value of chain unit; 8 the cleavability by 6 -amylase 
in pércent and 1,5 the average length of “stumps”, i.e. radicals of external branches remaining in B -dextrins 
after action of B -amylase (according to the literature, after B-amylase action on glycogen 1-2 glucose radicals 
remain bound to each peripheral branching point, i.e. on the average 1.5 [8]). 


The average length of internal branches can be calculated approximately by subtraction from the average 
“chain unit” of the average length of an external chain plus one (i.e. of a glucose radical, representing a branch- 


ing point); Ny = N—(N,p +1). The lengths of internal chains thus calculated are given in the last column of 
Table 3 (in parentheses). 


The special study of 8 -dextrins described above provided an opportunity to check these values, by calcu- 
lating average lengths of internal branches by another formula; 


n-a-(3..0.5a) n-2.5a 
a 


In this formula n the polymerization coefficient of 6 -dextrin (calculated from molecular weight value); 
a the number of branching points in the molecule (practically equal to the number of end-groups); the coeffi- 
cient 3 the average number of glucose radicals remaining bound to each peripheral branching point after 
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TABLE 3 


Data on Structure of Various Glycogens and Their 8 -Dextrins 


Polymeriza-| Av. “chain | Av. no, of 
tion coeffi- | unit” (N) branching pts. 


Cleavage by] Av. length of | Av. length of 
B-amylase | cxt. branches | int. branches 


cient (n) in molecule (B) (no. of glu- | (no. of glu- 
Preparation (a) cose radicals)] cose radicals) 
Ny 

Glycogen of rabbit liver 

10/26 3170 13.5 228 48.7 8.1 (4.4) 
Its 8 -Dextrin 1550 8.2 200 0 (1.5) 49 
Glycogen of rabbit liver 

(partially hydrolyzed) 1450 14.0 103 51.0 8.6 (4.4) 
Its 8 -Dextrin 700 - 103 0 (1.5) 4.3 
Glycogen of frog liver 

11/20 3100 11.0 281 41.5 6.7 (3.3) 
Its B -Dextrin 1650 - 281 0 (1.5) 3.3 


8 -amylase action; 0.5a the number of all peripheral branching points (practically equal, according to the rules 
of dichotomous branching, to half the total number of branching points). Values for Ny, calculated by this 
formula, are given in the last column of Table 3 without parentheses. 


As seen from Table 3, the values calculated by the two methods for average lengths of internal branches 
coincide or almost coincide. The data obtained, in part presented in Table 3, -indicate that not only external but 


also internal branches of frog glycogen are shorter than those of rabbit glycogen. 


On the basis of the data obtained diagrams can be “constructed” of sections of molecules of rabbit and frog 
glycogens (Fig. 1). We have given diagrams of sections the general form of a segment of a circle. 


As a consequence of the presence of shorter internal branches the molecule of frog glycogen is constructed 
more compactly, 


It should be mentioned that much earlier, on the basis of a study of the iodine reaction of glycogens and 
their changes upon B -amylolysis, we deduced the shorter length of external branches of frog glycogen (11, 12). 
Now this deduction has obtained direct confirmation on the basis of a chemical study of glycogen structure. The 
indicated differences in structure are also manifested in the properties, in the first place with respect to the iodine 
reaction (Fig. 2). 


Longer extemal branches of the molecule produce a different position of the absorption maximum, As we 
showed previously [11], cleavage of rabbit glycogen by 8 -amylase to the extent of 16.8% leads to displacement 
of the maximum to the same region where the maximum for frog iodine-glycogen occurs. 16.8% of the average 
length of external branches of rabbit glycogen, found by us in the present paper, represents 1-2 glucose radicals, 
which coincides very well with the difference we established in lengths of external branches of the glycogens 
studied. 


At first glance it may seem strange that such small differences in average lengths of extemal branches of 
glycogens can so strongly influence the iodine reaction. However, if the absolute dimensions are compared of a 
glucose radical (0.65 mp) and an iodine molecule (0.63 my), it becomes obvious that small differences in 
lengths of external and internal branches (equal to 1-2 radicals) can substantially influence iodine adsorption. 


The differences we have found in the structure of various glycogens are probably not altogether fixed in a 
quantitative sense. However, in numerous studies presented only in part in this paper, we have never encountered 
in rabbits such short external and internal branches as in frog glycogen, and vice versa, 
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Extinction 


~ 
Fig. 1. Diagram of structure of glyco- 750720 660 oes 500 500970 430 ye 
gens; A — of molluscs according to 

Meyer [2}; B-— of frog and C — of 
rabbit; Dots are glucose radicals, 
Diagrams B and C, representing a sec- 
tion of the molecule, contain about 
300 glucose radicals; M is 162 x 300 

= 48,000, which corresponds to the 
molecular weight of the whole mole- 
cule, 570,000. In diagram B the chain 
unit is 11 glucose radicals, average 
length of external branches 6-7 radi- 
cals, of internal about 3; in diagram C 
these values are 14, 8-9 and 4-5, re- 
spectively. 


Fig. 2. Absorption curves of iodine 
compounds of glycogens and their B - 
dextrins: I — curve of iodine-glycogen 
of rabbit; II — same of frog; LA — curve 
of iodine -B -dextrin of rabbit glyco- 
gen; IIA — same of frog. 8.1 mg of 
polysaccharide dissolved in 25 ml 
phosphate buffer, pH 6.8. In cuvette; 
5 microequivalents of I, and 2 micro- 
equivalents of polysaccharide glucose 
radicals, 


SUMMARY 
Liver glycogens of rabbit and frog and their 6 -dextrins were subjected to comparative study. 


Determinations were made; of molecular weight by oxidation with dinitrosalicylic acid according to 
K. Meyer; of cleavability by 8 -amylase; of “chain unit" — a value which is the reciprocal of the degree of 
branching — on the basis of end-group analysis by the periodate method; of the type of bond at branching points 
by periodate oxidation with subsequent chromatographic analysis of hydrolyzates of the oxidized glycogens. 


Average lengths of external and internal branches were found and diagrams “constructed” of the structure 
of sections of the glycogen molecules, 


Glycogens of rabbit and frog are similar with respect to molecular weight, cleavability by 8 -amylase and 
type of bond at branching points; they contain 1,6-glucoside bonds, and if 1,2 or 1,3 bonds occur in molecules of 
the two glycogens, their number does not exceed 0.6% of other bonds. 


Differences in the glycogens studied consist in the different degree of branching: frog glycogen has a 
shorter “chain unit", equal to 11 glucose radicals, average length of external and internal branches 6-7 and 3 
glucose radicals, respectively, while rabbit glycogen is characterized by values equal to 13-14, 8-9 and 4-5, 
respectively, Thus, molecules of frog glycogen are more compact. 


Good agreement was found between the structure of rabbit and frog glycogens and their iodine reaction, 
studied by us previously. 


Received June 22, 1956 
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ANTAGONISM BETWEEN SULFANILAMIDE AND FOLIC ACID IN GERMINATION 
AND CHLOROPHYLL SYNTHESIS OF WHEAT 


V. N. Gershanovich, G. L. Mednik and Ya. A. Epshtein 


Department of Biochemistry and Faculty of Therapy, Abuali-ibn-Sino State Medical Institute, Stalinabad 


Utilizing germination of wheat as a means, proposed by Maevsky [1,2], of demonstrating the action of 
various agents on plant cells, we succeeded in showing that (sulfanilamide] at certain concentrations inhibits both 
growth of wheat sprouts and chlorophyll synthesis.. Inhibition of growth of these sprouts by sulfanilamide prepa- 
rations, according to data of Mednik and Braginsky [3], was removed by folic acid added to the nutrition medium, 
but not by p-aminobenzoic acid in concentrations corresponding to its portion of the folic acid molecule. The 
type of interaction between folic acid and sulfanilamide they did not explain. This was undertaken in the present 
paper. 


EXPERIMENTAL 


In a}! <xperiments wheat was grown in Petri dishes at room temperature; 20 grains of wheat were evenly 
distributed on gauze or cotton in ordinary tap water, to which was added sulfanilamide, folic acid or both in 
given proportions. For the first 24 hours the dishes were kept in darkness (to avoid folic acid decomposition before 
its absorption by seeds), then moved to a location uniformly lighted by diffuse daylight for 7-10 days. On com- 
pletion of the experiment, always conducted under the same conditions with a control, the length of all sprouts in 
each dish was measured and the arithmetic mean value calculated of sprout length under the given conditions. 
Each experiment was conducted simultaneously in duplicate dishes. The amount of chlorophyll in sprouts was 
determined photometrically in photoelectric colorimeter FEK-M with red filter. Chlorophyll was extracted with 
ethyl alcohol from sprouts ground with quartz sand. The calibration curve was constructed from data for a solu- 
tion of copper sulfate and potassium dichromate, according to the method of Hetry [4] (absorption intensity of a 
mixture of 28.5 ml 1% CuSO, - 5H,O, 50 m) 2% K,Cr,0, and 10 ml 7% ammonia, brought to 100 ml with water, 


corresponds to a chlorophy!! solution of 8.5 mg % concentration). Dry weight of sprouts was determined by drying 
stalks in a drying cupboard at 105° to constant weight. 


The effect of sulfanilamide was found to occur at concentrations in the solution of 0.002, 0.001 and 0.00054 
and of folic acid at concentrations of 0.002, 0.0015 and 0.000754. 


In this table the results are shown of five series of experiments (arithmetic mean values 4 standard deviation 
of the mean are given). As seen from the table, sulfanilamide at 0.002% concentration markedly inhibits wheat 
growth and strongly influences water content of sprouts (dry weight increased by 39%). There is an inverse relation 
between sprout growth and sulfanilamide concentration; the higher the sulfanilamide concentration, the less the 
growth. As seen from the figure (a), this is a straight-line relationship. Folic acid at 0.003% concentration in the 
absence of sulfanilamide does not affect growth, dry weight or chlorophyll synthesis of wheat sprouts. Sulfanila- 
mide at 0.002% concentration markedly inhibits not only sprout growth, but also chlorophyll synthesis. Folic acid 


at 0.003% concentration completely removes the inhibition by 0.002% sulfanilamide on growth, chlorophy!! synthe- 
sis and dry weight of sprouts. 
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Effect of Sulfanilamide and Folic Acid on Growth and Chlorophyl Synthesis of Germina- 
ting Wheat 


Chlorophyll 
mg/100 mg 
stalk dry wt, 


Sulfantl- Folic acid 
apide in in % 


Stalk length | Stalk dry wt, 
in cm in mg. 


0 0 17.34-0.28 100 41.44 0,764-0.02 
0.002 0 0.83 0,404-0.04 
0.001 0 14.54-0.72 1514.0 1.12 0.7440.02 
0.0005 0 16,440.17 1.42 0.784-0.01 
0 0.003 17,240.09 1472.0 4.44 0.764-0.02 
0.002 0.003 17.14-0.03 {494-28 1.433 0.764-0.02 
0 002 0.0015 88 1574-33.4 1.10 0.71 4-0.02 
0.002 0.00075 6.0-F0.05 0.79 0.424-0.01 
0.001 0.0015 16.64-0.26 1564-5.4 41.10 0,704-0.02 
0.001 0.00075 14.94-0.80 15442.9 1.08 0.704-0,03 
Sa b che 
5 | 002% 
001% 
0 0 
3 
1 5S 2 10m 
Sulfanilamide Folic acid cone. 
conc, in % in % 


a. Effect of sulfanilamide on growth (continuous line) and 
on chlorophyll synthesis (broken line) of wheat sprouts. 
Tangent of angle of slope of line — 2.9. 
b. Antagonism of folic acid to sulfanilamide at 0.002 and 
0.001% concentration of the latter. 
Tangent of angle of slope of line at greater and lesser 
sulfanilamide concentrations, respectively 2.7 and 3.1. 


Folic acid at lower concentrations also exerts appreciable antagonism on sulfanilamide with respect to 
removal of growth inhibition, chlorophyll synthesis and hydration of stalk tissues of sprouts. 


Sprout growth in the presence of the two antagonists depends on the concentration of each, The relation 
of sprout growth to folic acid concentration in the presence of a given sulfanilamide concentration is also recti- 
linear (figure, b), and the slope of this line practically coincides with the slope of the line for relation of growth 
to sulfanilamide concentration (figure, a). This indicates that the action of folic acid and sulfanilamide .is antago- 
nistic and competitive, With respect to the interaction between sulfanilamide and folic acid in relation to chloro- 
phyll synthesis, in this case we did not find a straight-line relationship. Only at 0.003% concentration does folic 
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acid counteract the action of 0.002% sulfanilamide, which inhibits chlorophyll synthesis. Folic acid at lower 
concentrations is inactive, With respect to the cffect of sulfanilamide on the degree of hydration of stalk tissues 
of sprouts, folic acid in lower concentrations also exerts its antagonistic action, although in this case interaction 
between the two substances is noncompctitive. 


Inasmuch as growth inhibition of wheat sprouts is directly proportional to sulfanilamide concentration, it 
is not difficult to calculate that in the concentration range we used the growth of 1 cm of sprout stalk is inhibited 
by 0.000179, sulfanilamide solution, and for removal of this inhibition folic acid is required in the solution in the 
amount of 0,00025%. If the molecular weight of these two antagonists is considered (288 for sulfanilamide and 
441 for folic acid), then it is apparent that their competitive interaction occurs at a 1;1 ratio. Both solutions we 
used (0.002% sulfanilamide and 0.003% folic acid) are 6.8 - 107° M. 


The essential growth substances of every tissue are the nucleic acids and in particular ribonucleic acid, 
with whose participation protein synthesis, differentiation of tissues and every physiological orientation of living 
systems is accomplished { 5]. This refers equally to animals and plants. Synthesis of nucleic acids, which con- 
tain adenine and guanine, is directly dependent on purine synthesis, from which both these purine bases are then 
formed. And for purine formation folic acid is required, which, taking up the product of intermediary metabolism 
of a number of substances, formaldehyde, gives it up as the second and eighth carbon atoms of purine. Sulfanila- 
mide is evidently an antagonist not only of p-aminobenzoic acid, but also of folic acid, in whose molecule p- 
aminobenzoic acid occurs. In some unknown manner folic acid in the presence of the antagonist is deprived of 
the opportunity of taking up or transferring the one-carbon metabolite for purine ring formation. The purine syn- 
thesis, as well as the porphyrin synthesis, necessary for formation of the blood pigment heme and of the plant pig- 
ment chlorophyll, is accomplished according to the scheme of Shemin (6, 7] through formation from glycine and 
succinic acid of aminolevulinic acid and the hypothetical ketoglutaric aldehyde. 


If sulfanilamide inhibits folic acid participation in the condensation process of the one-carbon radical, 
formed after decarboxylation of glycine and succinic acid, then the antagonism of these two substances — folic 
acid and sulfanilamide — is of the same type with respect to both growth and chlorophyll synthesis of wheat 
sprouts. Our experimental material does not indicate this. Evidently growth inhibition is accomplished by mecha- 
nisms participating in purine synthesis and inhibition of chlorophyll synthesis — by inhibition according to Shemin's 
scheme in the process of aminolevulinic acid formation. 


SUMMARY 


Sulfanilamide in 0.002% concentration strongly inhibits growth and chlorophyll synthesis of wheat sprouts, 
At this concentration of sulfanilamide the water content of sprouts decreases markedly. 


Folic acid in 0.003% concentration completely removes the inhibition by sulfanilamide. At lower concen- 
trations it removes the inhibition by sulfanilamide to a correspondingly less degree. The action of sulfanilamide 
and folic acid on growth of wheat sprouts is antagonistic and competitive at a 1;1 ratio. Inhibition by sulfanila- 
mide of chlorophyll synthesis appears only at 0.002% concentration and is removed by folic acid at 0.003% con- 
centration, At lower concentrations folic acid does not remove the inhibition of chlorophyll synthesis by sulfa- 
nilamide. 


Inhibition of pyrrol synthesis by sulfanilamide apparently occurs through inhibition of formation of inter- 
mediate products, different from metabolic products leading to purine formation. 
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AUTOLYTIC TRANSFORMATIONS OF GLYCOGEN DURING COOLING 
AND FREEZING OF MUSCLE TISSUE 


P. E. Paviovsky 


Department of Biochemistry, Technological Institute of the Meat and Milk Industry, Moscow 


The autolytic and associated chemical and physicochemical changes in isolated muscle tissue largely 
determine the qualitative changes of meat and meat products during technological processing. 


The first studies in this direction were made by Smorodintsev et al. [1]. Results of this work served as the 
basis for present conceptions of the nature of the maturing process gf meat and as a beginning for further study of 
the chemical and physicochemical transformations occurring during other processes in meat processing. 


Smorodintsev found that during storage of meat in carcass form under production conditions (4°), rapid gly- 
cogen decomposition and lactic acid accumulation occur in the muscle, reaching a maximum by 24 hours, 
Accumulation of inorganic phosphorus and displacement of the reaction of the medium to the acid side proceed 
simultancously, These studies also showed that increase of residual and amino nitrogen does not occur in the 
maturing process, In addition Smorodintsev and Krylova [2] showed that peptones, products of beginning proteo- 
lytic decomposition of proteins, are absent in both fresh and matured meat, 


Thus, the process of meat maturing is a stage of autolysis very far from that in which proteolysis and the 
associated tissue decomposition are most typical. 


The numerous studies of Smorodintsev et al. indicate that meat maturing is caused by enzyme activity of 
the muscle itself [3]. In the initial stages of postmortem changes in muscle, glycogen and phosphorus compounds 
undergo profound transformation and protein substances change less markedly. As Drozdov and Zhuravskaya [4] 


have shown, in initial stages of muscle autolysis the paralle] course of phosphorolytic (with further glycolysis) and 
amylolytic glycogen decomposition is typical. 


Of especial interest was a study of autolytic changes in muscle at the negative temperatures at which a con- 
siderable amount of meat, designed for further processing, is actually kept; here the chief problem is the search 


for means of further improvement in freezing methods and the determination of optimal conditions for storage of 
frozen meat, 


Although the work of the Drozdovs (5] and Smorodintsev [6] indicated the presence of enzymic wansforma- 
tions during freezing and storage of frozen meat, yet in most other studies dealing with freezing and thawing pro- 
cesses, the observed changes are related chiefly to ice crystal formation and ath lt changes, without sufficient ™ 
consideration of the autolytic processes occurring in the muscle. 


Among the intricate complex of changes-occurring during refrigeration of meat, there is no doubt of the im- 
portance of following the autolytic transformations which largely determine the physicochemical changes that 
occur. Study of the biochemical changes, occurring during the entire cycle of meat refrigeration, is also important ™ 


Autolytic processes in muscle associated with phosphorolytic and amylolytic glycogen decomposition and 
further glycolysis, t.e., with processes already occurring to a marked extent in the first hours after slaughter, are 
the actual beginning which predetermines the other postinortem changes that occur in muscle, Intensity of the, 
course of glycolysis greatly affects the state of protein substances in muscle, 
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The Drozdovs (5) and Sinorodintscv (6}, studying accumulation of lactic acid and reducing sugars during 
meat refrigeration, did not make parallel studics of glycogen content.. Furthermore, in their experiments meat 
was frozen which was first stored for 24 hours at 4°, Under these conditions further changes in lactic acid content 
are quantitatively insignificant even at positive temperatures, Consequently, under such an experimental setup 
the glycogen transformations during cold treatment of muscle can not be Judged very accurately. On the other 
hand, in the recent monograph of Smorodintsev [7] it ts stated that glycogen, contained in unfrozen meat, is 
absent !n the frozen, Data are completcly lacking on enzymic glycogen decomposition during freezing of fresh 
(warm) meat. 


This paper deals with the autolytic changes of carbohydrates of meat in the process of refrigeration at 
various temperatures, with the purpose of determining the nature of the enzyme reactions associated with muscle 
glycogen decomposition under these conditions, 


Experiments were carried on the same group of muscles at various freezing temperatures. Thus, muscles 
frozen at —23° and —10° were stored at -18° and —10°, respectively. Muscles frozen at —35° and —10° were stored 
at the same temperatures. The experimental setup was based on the persistence of autolytic changes during the 
whole refrigeration cycle. 


Within 1.5-2 hours after slaughter samples were taken to obtain data on fresh meat. Fresh muscles were 
refrigerated as well as those first stored 24 hours at 4°. In the latter case a muscle sample was taken before 
freezing for study of changes occurring as a result of autolysis during preliminary storage at positive temperature. 


Immediately after freezing fresh muscles and those subjected to preliminary autolysis, samples were taken. 
To determine the autolytic changes occurring in frozen meat during-storage at negative temperatures, samples 
were taken after one, two, four and six months of storage. 


Samples for study were prepared in a room at -10°. A piece of frozen muscle was freed of the superficial 
layer and sawed in two, From the center of each piece a fine shaving was taken from which batches for determi- 
nations were obtained. For following the autolytic changes of muscle glycogen, known methods for determination 
of total glycogen, lactic acid, total reducing sugars and pH were used [8). 


In order to avoid thawing of the material and to obtain unequivocal results, modification of these methods 
was necessary to meet the required demands, This was achieved by preparation of batches at low temperature 
(in a cold room), fine grinding and rapid application of reagents which produce immediate cessation of enzyme 
processes, 


Results of the experiments showed that upon freezing fresh muscles (within 2 hours after slaughter) at —10° 
and at —23°, there are subsequently observed the simultaneous processes of glycogen phosphorolysis with further 
glycolysis leading to formation of lactic acid, and amylolysis with formation of reducing sugars (Fig. 1). Here 
we succeeded in showing very clearly the characteristics of the course of autolysis during freezing in comparison 
with analogous transformations at positive temperatures. With lowering of refrigeration temperature the rate of 
glycolytic processes is slowed and intensity of lactic acid accumulation is correspondingly reduced. There is 
simultaneous displacement of pH to the acid side. 


On the other hand, accumulation of reducing sugars during freezing occurs considerably faster than at posi- 
tive temperatures, increase in rate of accumulation of reducing sugars being greater at —23° than at-10°. Data 
from parallel studies indicate that during freezing accumulation of reducing sugars is much greater than during 
storage at 4° of the same muscle, obtained from the same animal, for the same length of time (Fig. 2). 


At the same time it was found that during freezing of muscles, subjected to preliminary 24-hour autolysis at 
4°, together with very insignificant lactic acid accumulation a distinct new formation of glycogen occurs (Fig. 2), 
somewhat more being formed at —23° than at-10°. During freezing, further accumulation of reducing sugars also 
occurs as in the previous experiments. 


When fresh muscle frozen at —23° and —10° is stored at -18° and —10°, respectively, during the first month of 
storage the muscle glycogen decomposition and lactic acid accumulation continue, and from the end of the first 
month up to six months of storage there occurs a constant and continuous increase (new formation) of glycogen 
with insignificant lactic acid accumulation (Fig. 1). The relatively slow lactic acid accumulation during storage 
of frozen meat indicates the strong inhibition of glycolysis in frozen muscle. 
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Fig. 1. Changes of pH, amounts of glycogen, 
lactic acid and reducing substances in muscle, 
taken 2 hours after slaughter, during freezing time inhrs 
and storage in frozen state; 

1 — Freezing at —23° and storage at —18°; 
2— freezing and storage at —10°, 


Fig. 2. Changes of pH, amounts of glycogen, lactic 
acid and reducing substances in muscle, first auto- 

lyzed 24 hours at 4°, during freezing and storage in 
frozen state; Symbols see Figure 1. 


Parallel to and in conformity with the changes 
in lactic acid accumulation during the first month of 
storage of frozen muscle, pH displacement to the acid side is observed, these changes being the less, the lower the 
temperatures of freezing and storage of the frozen meat. 


From the end of the first month up to six months of storage a certain increase in pH is noted. pH changes 
at different temperatures are practically the same. However, the pH value in muscles, frozen at —10° and stored 
at the same temperature to the end of the experiment, remains somewhat lower than pH of the same muscles 
frozen at ~23° and stored at —18° (Fig. 1). 


In muscles, subjected to autolysis prior to freezing, insignificant lactic acid accumulation occurs during the 
first month of storage and during subsequent storage (Fig. 2). New formation of glycogen, commencing in the 
muscies during freezing, continues during storage. In distinction to the changes observed during freezing, during 
storage of frozen muscles (with 24-hour and 2-hour preliminary autolysis), marked decrease in amount of reducing 
sugars occurs from the first month of storage. 


The fact of new formation of glycogen during storage of frozen muscles is shown experimentally for the 
first time. A simultat.cous decrease in amount of reducing sugars is observed, which is evidently due to the new 
formation of glycogen. 
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Next, experiments were conducted on freezing of meat at -35° and subsequent storage at the same tempera- 
ture, In the literature it is stated that autolytic changes cease upon rapid freezing and arc completely abolished 
at —30° [9]. The purpose of these experiments was to ascertain how correct this statement is and how autolytic 
changes occurring at -35° differ from those occurring at the negative temperatures used in the preceding experi- 
ments, 


Experiments were also conducted at various negative temperatures, Samples from the same group of 
muscles (within 2 hours after slaughter) were subjected to freezing and storage at —35° and —10°, It proved that 
at—35° qualitatively the same autolytic changes are observed as with freezing at -10°; glycogen decomposition, 
accumulation of lactic acid and reducing sugars, pH displacement to the acid side (Fig. 3). 


During freezing at —-35° glycogen decomposition 
is strongly inhibited and new formation of glycogen in 
the frozen muscle at the same storage temperature 


occurs, commencing in the first month of storage. By 


lactic acid 


ad pai the end of the fifth month of storage, the amount of 
f00\-—-—4 4 a glycogen in the muscle is close to its initial content 

in the unfrozen muscle, When the considerably 
- smaller lactic acid accumulation during freezing and 
S00\ 1B a storage at —35° is also considered, it may be stated that 


in content of glycogen and lactic acid, muscle frozen 
and stored at —35° after 5 months of storage is closer 
“on pa—*® to initial unfrozen muscle than that frozen and stored 
at -10°. 


The principal results of the studies on autolytic 
changes, occurring in fresh muscles during cooling, 
freezing at -10°, -23° and -35° and storage at negative 
temperatures, are shown graphically in Figure 4. For 
comparison of the changes, experiments were chosen 
in which the initial muscles had approximately the 
same glycogen content, The data on the graph are 
differences, showing change in content of glycogen, 
50}— 7] reducing sugars and lactic acid for a given time in 


In mg per 100 g muscle 


0 comparison with the initial data (initial data were sub- 
tracted from the experimental). 
wee Results of our studies indicate the presence of 
’ continuous autolytic reactions in muscles, both at 
Fig. 3. Autolytic changes in muscle, taken positive temperatures and during freezing and storage 
2 hours after slaughter, during freezing and at various negative temperatures, and establish the 
storage in frozen state at —35° and —10°; qualitative and quantitative features of the glycolytic 
1 — freezing and storage at -35°; 2 — freez- and amylolytic glycogen transformation under these 
ing and storage at —10°, conditions. 


In contrast to the continuous glycogen decompo- 
sition during autolysis at positive temperatures, glyco- 
gen resynthesis is found at certain stages of the action 

on muscle of negative temperatures. These results show the relation of changes in reducing sugar content to those 
in glycogen content, the qualitative difference of the autolytic transformations of glycogen during storage of 
meat at negative temperatures, and the interrelation between increase (new formation) of glycogen, increase of 
Jactic acid and decrease of amount of reducing sugars. 


The effect of various temperatures of freezing and storage of frozen meat on its condition after six-month 
storage miust be emphasized, As secn from Figure 4, contents of glycogen and lactic acid after 5-6 month storage 
at various freezing and storage temperatures differ sharply, the lower the temperature of refrigeration, the closer 
the meat is to unfrozen meat with respect to the features indicated, 
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Fig. 4, Autolytic changes in glycogen, lactic acid and reducing sugars in 
muscles during cooling, freezing and storage at various temperatures, 


The autolytic changes, occurring during storage of muscles frozen at various temperatures, do not correspond 
to those which occurred during freezing at various temperatures; lactic acid accumulation at negative storage 
temperatures is insiguificant in comparison with its accumulation during the process of freezing. 
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SUMMARY 


During freezing of fresh (warm) muscles at —10°, —23° and —35°, autolytic decomposition of muscle glyco- 
gen occurs at a slower ratc, the lower the freezing temperature. 


During freezing of fresh muscles and those first stored at 4° for 24 hours, lactic acid accumulates at a slower 


rate, the lower the freezing temperature, and reducing sugars — at a greater rate, the lower the freezing tempera- 
ture, 


During freezing and storage of frozen muscles subjected to preliminary 24-hour autolysis at 4°, new forma- 
tion of glycogen {s found, the amount being higher, the lower the temperature of freezing and storage. 


During storage of frozen muscles, together with new formation of glycogen insignificant lactic acid accumu- 
lation is observed; 


During storage of fresh muscles frozen at —-23° and —10° glycogen decomposition and lactic acid accumula- 
tion are observed during the first month, and from the end of the first month up to six months of storage a constant 


and continuous new formation of glycogen. During storage of muscles frozen at —35°, new formation of glycogen 
occurs beginning in the first month of storage. 


Parallel to new formation of glycogen during storage of frozen muscles, continuous decrease in amount of 
reducing sugars is found, 


The autolytic changes in glycogen during refrigeration of muscles depend on the freezing temperature and 
do not equalize upon prolonged storage in the frozen form; here the type and rate of enzymic conversions of 
muscle glycogen depend on and are determined by the degree of autolytic changes in the muscle prior to freezing. 
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HYDROXY ACIDS IN THE PRIMARY PRODUCTS OF PHOTOSYNTHESIS 


E. A. Boichenko and N. I. Zakharova 


V.1. Vernadsky Institute of Geochemistry and Analytical Chemistry, Acad. Sci, USSR, Moscow 


The study of the products of photosynthesis by means of carbon isotopes has shown that the labeled carbon 
of carbon dioxide is very rapidly converted in plants to a great variety of substances, Nevertheless the initial 
stages of this path, leading to formation of the primary products, are general ones, and only upon their further 
conversion are carboxylic acids, carbohydrates, proteins, lipids and many other substances obtained (1-3). 


In the first studies with radioactive carbon it was found that the initial reaction of assimilation of carbon 
dioxide by plants is its entry into carboxyl groups of an unknown acceptor, this reaction being reversible [3): 


C*O, + RH = RC*OOH. 


Next, conversion of carboxyl groups to alcohol groups occurs in the light, accompanied by liberation of 
free oxygen: 


RC*OOH -+- RC*H,OH +03. 


These data were confirmed in subsequent studies and at present the various hypotheses concerning con- 
versions of the primary products of photosynthesis are invariably based on substances containing both carboxyl 
and alcohol groups, that is, on hydroxy acids. However, concerning the nature of the primary acceptor of carbon 
dioxide there exist various views. According to some authors, this acceptor is a substance with two or five [4] 
and according to others with forty carbon atoms in the molecule (5): 


Such hypotheses are usually based on the character of the products in which labeled carbon is found carliest 
in experiments with photosynthesis. Here much depends on the technique of isolating the primary products from 
the plant. Considering the rapidity with which the path of carbon is covered in photosynthesis, the desire of 
workers is natural to carry out this isolation as rapidly as possible, with use of very harsh methods. But then decom- 
position of products inevitably occurs and to judge by these concerning the primary acceptor and the further path 
of carbon has become impossible. This is why up to now it has been impossible either to isolate or even to find in 
the plant the fundamental oxidation-reduction system, which reduces carboxyl groups to alcohol groups. 


Under milder treatment, without prolonged boiling with solvents, primary products of molecular weight 
greater than 1000 are usually obtained (5). Our study of the elementary composition and of a number of properties 
of these products has shown that they are acids of molecular weight ~ 1500 (R'); from them trisaccharides (R'"") 
are formed further in the process. According to the data on elementary composition and molecular weight, in the 
molecule of the primary product of photosynthesis there are found about forty carbon atoms, and in the trisaccha- 
ride molecule about cightecn, It remained to find into what functional groups the labeled carbon enters, 
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First determinations were made of the percent content of carboxyl groups, since from data obtained pre- 
viously it was known that labeled carbon first enters these groups, and then passes into others. The percentage 
was determined by decarboxylation at 250° of dry barium salts of the isolated products, with subsequent absorption 
of the liberated carbon dioxide by barium hydroxide solution and titration with 0.1 N H,SO, [3, 6]. 


Thus, it was found that the acid R' consists by weight of 30% carboxy! groups and that in these groups are 
found 25% of its carbon atoms, In the product R'" only about 16% carboxy! groups, containing 11.1% of the carbon 
atoms of the acid, was found. 


Of further interest was investigation of the presence of alcohol groups in the primary products. They were 
determined by the method of benzoylation, with subsequent boiling of the products obtained with an alcoholic 
solution of sodium hydroxide and titration with 0.1 N H,SO, [3, 6, 7}: 


ROH + C,H, 0 — CO — C,H, + HC). 


It was found that in R' alcohol groups represent 60% of its weight and they contain all the remaining 75% 
of the carbon atoms, Thus, the primary product of carbon dioxide assimilation in photosynthesis is a hydroxy 
acid containing in the molecule ten carboxyl and thirty alcohol groups. The determinations of the number of 
functional groups find confirmation in our data obtained previously [5] on elementary composition. In addition 
the molecule R' contains an atom of iron and an atom of phosphorus, the latter probably in the form of a phos- 
phoric acid residue. The composition of product R' is given in Table 1. 


TABLE 1 TABLE 2 


Composition of the Primary Product R' Composition of Product R’" 


% C atoms 
in 


—COOH 


~CHOH —~CHOH 66.7 

Fe -—Cco- 5.5 

PO, Undeter- 16.7 
mined 


In product R'** alcohol groups represent 63% of the totai weight. The increase in its state of reduction in 
comparison with R' is chiefly due to decrease in percent of catboxyl groups. 


After 3-hour hydrolysis with 2% HCl the capacity to reduce Fehling's solution appears in R'*'; this is retained 
after treatment with iodine in an alkaline medium according to Kolthoff, which is supposed to destroy aldoses. 
Consequently, the reducing group here belongs to a ketose, which i$ confirmed by color reactions. The composi- 
tion of product R'** is given in Table 2. 


In product R'** iron and phosphorus were also found previously [5]. In order to determine its structure the 
solution obtained after hydrolysis with hydrochloric acid was precipitated with barium chloride and ketose deter- 
minations were made separately on substances in the solution and the precipitate. It was found that all the reduc- 
ing substances remain in solution, and the barium precipitate is completely devoid of the capacity to reduce 
Fehling's solution. The substances present in it contained carboxy] groups, which appear prior to hydrolysis to R'**. 
These acids in both percent content of carboxy] groups and elementary composition were close to uronic acids. 
The composition of the hydrolysis products of R'** is given in Table 3, 


Calculation of the amount of uronic acids was made from decarboxylation data, Product R'** is thus a 
trisaccharide, one-third consisting of ketose and two-thirds of acids of the uronic type, but not capable of reducing § 
Fchling's solution and poorly decarboxylated according to Tollens, Hence it can be assumed that after removal of 
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TABLE 3 ketose from them by hydrolysis they remain in the 
Hydrolysis Products of R"** form of diuronides, ccmtbined at the point of the reduc- 
ing groups, dad ped:aps of the carboxy] groups. In re- 


Composi- | Before After h drolysis cent studies dealing with metabolism of uronic acids 
tion in | hydrolysis |. Solution [| Ba-precipitate in plants, similar diusonides and also other examples 


of the combination of uronic acids with a wide variety 


of substances were described (8). 

acids” 10.2 0 67.8 According to data from experiments with labeled 
Ketoses 0 32.0 0 carbon, the product R"** is a precursor of free sugar for- 


mation in plants, 


It is possibie that during photosynthesis the forimation of other substances, for example, of the protein or 
lipid type, begins at a still earlier stage ~ with conversion of the primary product ~ R'. Hence, investigation of 
its structure is especially important. 


We succeeded in showing that upon decomposition of this hydroxy acid glycerol derivatives are formed. 
Thus, after 20-minute boiling with 0.3% solution of bromine water the reaction for dihydroxyacetone was very 
good with resorcinol and less good with 8 -naphthol. After careful oxidation of R' good reactions for glycerose 
were given [9]. Next, of especial interest was the performance with this altered product of Tollens' naphthoresor- 
cincl reaction, characteristic of a whole series of hydroxy acids, including glyceric acids, It should be noted that 
none of these reactions is given by R' unaltered by previous treatments. The primary product does not give reac- 
tions for ketones, carbohydrates or hydroxy acids of the glyceric type. These substances are obtained only upon 
decomposition of R', which indicates the great possibilities for conversions of this product in different directions. 


The appearance of glycerol derivatives upon decomposition of the primary product explains the reason for 
the finding by certain authors of labeled carbon earliest in glyceric acids [2, 4]. Under harsher conditions of 
isolation from the plant decomposition of R' occurred, and portions of its molecule were described as the primary 
products of photosynthesis. 


The hydroxy acid R' contains double bonds, but an exact determination of the iodine number has not yet 
been successful, owing to poor solubility of R' in various solvents. Nevertheless, the values obtained for the iodine 
number were above 100. Coinplete solution in concentrated sulfuric acid is accompanied by disintegration with 
liberation of carbon dioxide. It is interesting to note that only under such conditions can the iron contained in 
this product be separated from the organic part of the molecule. Since the "glycerol part" of the molecule can 
be separated relatively easily, it must be assumed that the iron in R' is more firmly bound to the carboxyl groups. 
Also in favor of such a view is the ready loss of iron in cases of incautious decarboxylation and the data from ex- 
periments on the inhibition of initial carbon dioxide assimilation in photosynthesis by poisons, specific for sup- 
pression of reactions that occur with participation of metals. There are hypotheses in the literature (10) concem- 
ing a possible bond of iron with carboxyl groups in certain biochemical oxidation-reduction catalysts. 


There occur in the primary product of photosynthesis ten carboxy! groups for one atom of iron. With respect 
to a number of properties its structure is similar to the recently synthesized iron-organic compounds of the dicyclo- 
pentadiene type (11, 12]. Some of them also contain hydroxy! groups, they are capable of many reactions of con- 
densation and oxidation-reduction, leading to formation of diverse substances. The isolation from cells and deter- 
mination of the composition of the hydroxy acids, appearing as the primary products of photosynthesis, has raised 
in turn the question of full investigation of their structure and conversions in photosynthesis, with the purpose of 
directing the reactions involved toward formation of the most desired products. 


SUMMARY 


In the primary products of photosynthesis R' and R''* isolated from plants, whose elementary composition 
and certain other properties we studied previously, determinations of carboxy] and alcohol groups were made. 


The first of the products (R'), in which labeled carbon is found in photosynthesis, is a hydroxy acid contain- 
ing in addition to carboxy! and alcoho! groups, atoms of iron and phosphorus. These determinations of functional 
groups agree well with the elementary composition of this substance. 
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The product R'", in which labeled carbon {s observed later in its path of conversion to sugars, also contains 
carboxy! and alcohol groups, but the percent of the former is considcrably less compared to R’. 


After hydrolysis it was found that one-third of it consists of ketoses and two-thirds of acids closely related 
in composition to uronic acids, but which do not reduce Feliling's solution and are decarboxylated with difficulty. 


Upon careful degradation of the product R', products were obtained which give reactions for various glycerol 
derivatives; dihydroxyacctone, glycerose and glyccric acids. This indicates the great possibilities for conversion 
of the primary product in different directions, Furthermore, thus is explained why, under harsh condition of {sola- 
tion from the plant, labeled carbon is found carliest in glyceric acids; they arc obtained as a result of decomposi- 
tion of the hydroxy acid R’. 


Received June 28, 1956. 
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DISCUSSION 
TWO FORMS OF SELF-RENEWAL OF PROTEIN 


Zh. A. Medvedev 


Department of Agronomical and Biological Chemistry, K. A. Timiryazev Academy of Agriculture, Moscow 


The capacity for metabolism and self-renewal is the most significant property of living matter, and lies at 
the basis of its other properties, primarily the capacity for growth, variability and continuous development. Con- 
cepts of self-renewal of cellular proteins, of the “fluidity” of their chemical composition, of the presence of 
irreversible and of reversible breakdown of proteins were expressed long ago, but the most convincing evidence 


for these views became possible only in the last 15-16 years in connection with the extensive use in biochemistry 
of the method of labeled atoms. 


During a relatively short period, since the first work of Schoenheimer et al. in this field, there have ap- 
peared hundreds of studies relating to various aspects of the problem of protein self-renewal. In proportion to the 
extent of study of these processes there has developed and continues to the present extensive discussion of the 
forms of protein self-renewal. The essence of this discussion is that some authors consider as the only form of 
protein self-renewal the alternation of processes of synthesis and breakdown of whole molecules in such a way 


that molecules of one type or another are synthesized, function for a certain length of time and then breakdown, 
being replaced by newly formed molecules, while other authors assume that together with this form of self-renewal, 
processes of partial renewal of molecules without complete breakdown are possible by means of replacement in 
macromolecules of individual amino acid and peptide groups. 


In a study dealing with self-renewal and aging of proteins [1], we briefly considered the material of this 
discussion, However, in the interval new data in this field have accumulated, permitting a clearer and more 
definite conception of the biochemical character of protein renewal in the organism. 


Metabolism and self-renewal are inseparable. But if by metabolsim is meant the total sum of chemical 
changes in the organism, then the concept “self-renewal signifies those metabolic processes, which directly pro- 
duce the fluidity, the “dynamic state® of the chemical composition of the principal structural components of liv- 
ing matter, foremostly of proteins and nucleic acids. “Self-renewal” is not something rigidly defined — the mean- 
ing inherent in this conception may change in relation to the object. Self-renewal of the cell consists of a great 
sum of processes in comparison with renewal of proteins, since it involves formation of carbohydrates, lipids and 
other substances, Self-renewal of the organism as a whole is still broader and more varied than self-renewal of 
a single cell, We are not concerned here with all the diversity of forms of natural renewal of the organism and 
will deal only with the question of the forms of protein self-renewal. 


In living tissue new formation of proteins constantly occurs by means of synthesis with breakdown after a 
certain interval of time. The occurrence of these processes has been demonstrated, and it is not necessary to again 


recal] the proof, This phenomenon of continuous replacement of molecular “generations” represents the basic form 
of biological self-renewal of proteins. 


However, together with these processes a number of authors ((2-7, 22] and others) propose the occur 
rence in proteins of yet another form of self-renewal — the process of entrance into the structure of protein mole- 
cules and exit from them of individual amino acids and peptides, which is not accompanied by breakdown of the 
entire molecule as a whole or loss of specificity, This self-rencwal represents an exchange without breakdown, 


indicating the lability of the intemal structure of proteins in protoplasm, In the study referred to above we also 
subscribed to these views, 
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It must be noted, however, that while most proponents of these views consider that protein self-renewal 
without complete breakdown of molccules is possible only in a living system as a result of continuous and simul- 
taneous action on proteins of various cnzyme and cncrgy systems, there are certain authors who attempt to repre- 
sent this process as an inherent property of individual, pure protcins, which they can manifest also in an isolated 


state, outside the organism, separated from enzyme syneun and energy exchange, and that thus individual chemi- 
cally pure proteins are still alive [8-10}. 


This idea has been propagated particularly insistently in recent years by the journal “Problems of Philosophy*. 
In a serics of articles published in this Journal on the question of protein self-renewal and origin of life [8, 11-16}, 
a dogmatic and arbitrary interpretation is given of a number of notable sayings of F . Engels concerning protein. 
To every biochemist acquainted with the level) of chemistry and biology of proteins in the second half of the last 
century, it is clear that Engel's concept of protein is applicable not to proteins characterized by means of methods 
developed several decades later, but to protoplasin as a whole, to intricate protein complexes, to the substratum 
which in reality under natural conditions is living, capable of growth, exchange, respiration, multiplication and 
irritability. Speaking of the properties of living protein, F . Engels had in mind the protein foundation of the cell 
protoplasm, and not those individual protein preparations of various enzymes, albumins, globulins, etc., isolated 
from intricate protein complexes by modern methods. 


The journal "Problems of Philosophy" in elucidating the material of the discussion took, in our opinion, an 
incorrect position, by publishing in the course of the discussion a series of superficial articles misinterpreting the 
present state of the problem of exchange and self-renewal of protein and disorienting readers with respect to the 
facts obtained by the method of labeled atoms. 


Concerned with such material are, for instance, the articles of Stukov and Yakushev [11] and Sysoev (15). 
Explaining in a simplified way the modern factual material, Stukov and Yakushev write that “experiments with 
labeled atoms show that in living protein the atoms possess enormous mobility, as if they were chemically free 
within it and not confined by a chemical bond" (p. 144). The assertion is questionable, that “the molecule of 
living protein is conceived of not as a molecule in the physicochemical sense, but only as a quantitative measure 
of a chemical substance within the limits of which was produced and is now produced a conversion of dead organic 
matter to live organic matter. To the physicochemical concept of molecularity there corresponds here a concept 
of a discrete quantity of matter representing a measure within the framework of which a simple chemism is re- 
leased, contradicting itself by the maintenance of this very chemical process" (p. 140). The authors arrive at the 
conclusion that “the modern chemical scheme of protein structure is not adequate, does not correspond to the level 
of modern biological knowledge, for it does not elucidate the basic living properties of the specific protein struc~- 
ture, the specific structure of the discrete protein molecule, does not show how protein spontaneously respires, is 
nourished, grows, divides and develops into protoplasm, a cell and an organism" (p. 149). . 


A speculative approach similar to this lies at the basis of the assertions of a number of other authors concern- 
ing the capacity of individual proteins for typical self-renewal, growth and development. As evidence of the cor- 
rectness of these views are usually cited experiments of Konikova and Kritsman et al. (8-10) on “self-exchange" 
of isolated proteins. It is advisable in this connection to analyze thoroughly the actual value of this evidence. 


Most of the experiments, described by Konikova, Kritsman and Osipenko [9}, consisted of 24-hour incubation 
of radioactive methionine with plasma and pure proteins (globulins, albumin, pepsin, trypsin and others). Here 
they observed a certain incorporation of radioactivity into the precipitated proteins. But inasmuch as incubation 
in most cases was conducted under nonsterile conditions and without antiseptics, however, the authors defend the 
reliability of their results, the suggestion of microbiological contamination of the incubated mixture in these ex- 
periments, which was put forward and substantiated by Orekhovich et al. [17], remains valid. 


In spite of criticism, Konikova, Kritsman and Samarina in a subsequent study [10] did not subject the original 
data to a careful check, but presented the results of experiments with other proteins. Most experiments consisted 
in incubation of a number of protein preparations with radioactive glycine at 100°. Under these conditions there 
was observed a quite appreciable incorporation of radioactivity into the protein preparations in the amount of ap- 
proximately 1-2% of the total activity of the labeled amino acid, The result obtained, however, does not prove 
the biological self-renewal of isolated protein, since a certain addition of glycine-c to proteins occurred by 
reason of temperature modifications of the molecules (heat denaturation, etc.), having nothing in common with 


biological self-renewal. The possibility of physicochemical denaturation binding of amino acids was shown in 
recent experiments of Pasynsky et al. (18). 
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One experiment of the authors (10) was carried out at body temperature, incubation lasting for 2 hours, and 
consequently an appreciable development of microflora in this case could not occur, This is the only experiment 
in this work, not subject to doubt from a methodological point of view. Does it prove the “ability of isolated 
proteins to incorporate amino acids without participation of biological structures and added enzyme systems* ? 
Unfortunately, it does not. Nine substances were studied in these experiments. Five of them can not possibly be 
considered to come under the category “individual” protcins, but represent protein complexes undoubtedly con- 
taining enzymes although in but slight admixture (rabbit liver homogenate, blood plasma and serum, hemolymph 
of oak silkworm, globulin complex of rabbit liver). The four others arc nuclcoproteins, and the method of tsola- 
tion and purification not being given it is therefore hard to judge to what degree the preparations used for experi- 
ment were freed of admixtures. 


When the numerical data of this experiment are considered, it is also impossible to find convincing results. 
For experiment were taken 25-100 mg of protein preparation and labeled amino acid with an estimated 100,000 
counts/sample. The specific activity of the preparation and the ratio of labeled amino acid to the corresponding 
amino acid in the structure of the protein in mg or micromoles is not given, although this is of great importance 
in calculation of the degree of self-renewal in percent. Inasmuch as the reader himself must guess how much pro- 
tein was used in cach separate experiment, we will assume that for protein complexes the weight was 100 mg, for 
“individual” proteins 25 mg. Activity at the end of the experiment was calculated from weights of 5 mg and thus 
corresponded to 20,000 counts of the labeled amino acid added. In this case the difference between control and 
experimental protein amounted to that between duplicates; for pentosenucleoprotein of rabbit liver 1.3, 4.0 and 
6.6 counts per preparation, that is, some hundredths of a percent of the activity of the original amino acid; for 
desoxypentosenucleohistone of rabbit liver 12, 15 and 13 counts, that is, also some hundredths of a percent (about 
0.07%). Appreciable incorporation of activity (79, 86 and 74 counts per 5 mg of protein) was observed only in 
nucleoproteins of rat liver, the experiment with DNA of rat liver being carried out without duplicates and with 
appreciable activity in the control (10 counts/min.), comparable to the magnitude of “incorporation* of amino 
acids in the nucleoproteins of rabbit liver. Meanwhile, it is obvious that the slight activity could have appeared 
in the proteins through incidental reactions (combination of glycine with protein end-groups, action of slight ad- 
mixtures of enzymes, reactions between chemically active groups of proteins or nucleic acids and the amino acid, 
contamination of the radioactive preparation, etc.). Such a possibility follows from the fact that in most of the 
controls in this and other experiments there is likewise a certain activity(0.4-10 counts/min per sample). 


It must be noted that in the other protein substances (plasma, serum, etc.) used in this experiment, there 
was also observed only traces of radioactivity (0.5-18 counts/min per sample). To what quantity of labeled amino 
acid molecules these radioactivity values correspond, the authors nowhere indicate. 


In their last article, published in the Journal "Problems of Philosophy” (8), Konikova and Kritsman presented 
a series of new experimental data on “self-exchange” of proteins and at the same time attempted to answer the 
criticism they had received. The new data presented by the authors show that decrease in concentration of the 
protein solution increases incorporation of labeled amino acid, Such a phenomenon is natural, since it is obvious 
that the Jess the protein concentration, the weaker the degree of aggregation of the protein complexes and the 
higher the quantitative ratio between “label” and protein. Details of technique are not described and therefore, 
it is impossible to make any sort of analysis of the numerical data in-this article. The authors report the incorpor- 
ation into proteins of the tripeptide glutathione. Interaction of similar type is represented by the usual chemical 
and physicochemical interactions of reactive groups, and an analogy between them and the actual processes of 
biological self-renewal of protein is extremely remote. 


This was shown particularly clearly by Shnol [19], who found that in the interaction of free amino acids with 
protein preparations the binding of amino acids by free functional groups of protein occurs, but not an exchange in 
peptide chains, that is, not the “penetration® of amino acids into the structure of the primary chains, characteristic 
of living biological systems. Therefore, the conclusion of Konikova and Kritsman is unconvincing, that their data 
“show that self-exchange of simple proteins docs not represent a replacement of like structural units of protein, 
but is an exchange which le:.ds to recreation of protcins similar to themselves and proteins different from them- 
selves, that is, an exchange that expresses the first biological form of movement of matter" (p. 174), The assump- 
tion that nonspecific combination of amino acids with free reactive groups of the protcin molecules is basic to the 
solution of the complex problems of synthesis, reproduction of specificity, variability, self-renewal of protein and 
origin of life seems very arbitrary and unconvincing. Such a concept is of course extremely simplified, 
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Combination of amino acids with reactive groups of proteins, demonstrated in the experiments of Pasynsky, 
Shnol, Konikova and a number of others, is an entirely natural, usual chemical process, in which we see no 
“contradiction” and "release" of a chemism, “conversion to its opposite", “qualitative leap", “new form of move- 
ment of maticr*, “biological metabolism", “boundary betwecn living and nonliving’, “phenomenon of autocata- 
lysis", “sclf-rencwal" and similar propertics ascribed to it. 


The matter is otherwise with respect to the existence of *sclf-renewal" of proteins in actual biological sys- 
tems. At present there are various data indicating the great chemical lability of proteins in the living cell, the 
presence in protoplasm of not only breakdown and synthesis of whole molecules, but also reactions of replacement 
in molecules of various amino acid residucs and fragments. 


In our study of 1952 [1] we saw basic evidence for the existence of self-renewal of proteins without break- 
down in the unlike rate of incorporation into protcins of different amino acids, shown in a number of studies 
(20, 21}, which did not correspond to the quantitative ratios of these amino acids in the structure of the proteins, 
Here we assumed that if some amino acid enters a protein structure only once (during synthesis of the molecule) 
and once “departs” (during its breakdown), then incorporation of amino acids into proteins should be proportional 
to their quantitative content in a given protein. 


A single explanation of the inequality of "incorporation" of amino acids can not, however, be placed beyond 
doubt. It is obvious, for instance, that the varying rate of amino acid incorporation into proteins can be the con- 
sequence of not only two forms of self-renewal, but also the result of a number of other processes — of unequal 
dilution of radioactive amino acids in tissues before “incorporation” into proteins due to the varying content in 
tissues of unlabeled amino acids, of differences in intermediary metabolism of amino acjds, of reutilization in 
protein synthesis of polypeptides already present in the cell, etc. 


The most convincing demonstration of the presence in living cells of two forms of protein self-renewal is a 
series of studies by Gale and Folkes [6] on assimilation of amino acids by bacteria. The object of study was 
Staphylococcus aureus, which requires for growth a balanced mixture of amino acids. 


The authors found that incorporation of a labeled amino acid into proteins can occur as the result of two 
different processes. The first occurred during incubation of the microbial cells with glucose and c*-slutamic 
acid. Here cell growth was not observed, but considerable radioactivity was noted in the proteins (~2500 counts/ 
min in protein from 2 mg of dry cell residue). The second process was observed when, during incubation of the 
bacterial cells besides C“-glutamic acid, the complete amino acid mixture was added. In this case a protein 
increase was observed and also more active incorporation into proteins of labeled amino acid (up to 8000 counts/ 
min in protein from 2 mg of dry substance). It was found in further studies that the radioactivity of the proteins 
in both cases was primarily in the structure of the glutamic acid residue (only ~1% entered lysine). A distinct 
qualitative difference in the two processes was shown on the basis of the different effect on them of a number of 


factors, in particular; increase of density of the inoculum and effect of various antibiotics (chloramphenicol, 
aureomycin, bacitracin and penicillin). 


In their experiments the authors showed that under the influence of antibiotics in the absence of growth, 
under the conditions of the first process, various amino acids (13 amino acids were investigated) possess an individ- 
ual type of incorporation into proteins. The data, in the opinion of the authors, indicate the existence of two paths 
of incorporation of amino acids into proteins in a living system: in the new synthesis of protein and as a result of 
exchange reactions, not accompanied by synthesis of new molecules. In subsequent studies [6] Gale and Folkes 
studied this problem in further detail. Experiments were done on “fragments” of staphylococcus cells obtained by 
action of ultrasound, deprived of their “internal” solution containing free amino acids. Incorporation of c-amino . 
acids in the first process was stimulated by ATP, hexose diphosphate and nucleic acid of the staphylococcus, The 
c™-giutamic acid incorporated into the structure of the protein under these conditions during incubation of cell 
"fragments* in a medium containing carrier C”-glutamic acid, entered into "exchange" with it, as a result of ; 
which the initial relative specific radioactivity of the protein was lowered. This “exchange” was likewise observed 
only in the presence of a phosphorylating system. No "exchange" occurred when, instead of c"?-giutamic acid, 
c®-slycine or C"?-aspartic acid was added to the medium. Calculation showed that such exchange is character- 
istic of only a small part of the glutamic acid bound in the protcins (5.6%), in connection with which the cquili- 
brium between protein and glutamic acid of the medium was established rapidly — in 30 minutes. In the second 
process a linear increase of activity in proteins for several hours was observed, accompanied bya corresponding 
total increase of protein N. Here, however, the rate of incorporation of c*-amino acids in the first 30 minutes 
was markedly lower than in the first process, indicating the competitive character of the two processes, 
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Analysis of the data obtained leads the authors in Hic conclusien titat tn the first process there occurs an 
exchange incorporation of-amino acids into the prefetined proteins hy means of substitution, and the significant 
role of nucleic acids in this process warrants toe assigapt-ou that sich oxcharge oceurs only in nucleoproteins and 
nucicic acid is a necessary specific factor for such cxchonuge. 


In explanation of the unequal dependence of he "eo change” of ciffercat amino acids on RNA and DNA the 
authors propose that *incorperstion” of individual amino acids 's controlted by specific fragments of nucleic acids, 
some of these fragments being more easily damaged by vitrascund than others, The utilization of amino acids in 


self-renewal of protcins was thus determined by intoriini eyes between portions of proteins and of nucicie acids. 


The renewal of the amino acid compositio: of cel! proiciis of tuiver tissve during inhibition of synthetic 
reactions was demonstrated recently by Rabinovitz ct a1, (7). The» studied the relatioa between phenylalanine, 
valine, leucine and lysine during their incorporstion iptc proteins of tumor slices. Penetration of the latter three 
amino acids was studied under conditions where phenylalanine meorporation into proteins was completely inhibited 
by antagonists. The data obtained indica: wat the tec indicated amino acids in this case entesed the structure 
of the tumor pretein at nearly the original rates, It was typical here that during inhibition of phenylalanine in- 
corporation, accompanied by suppression of synthesis cf pictein riotecuies, the incorporation into tumor proteins 
of valine and leucine was somewhat lowered, while that of lysine scarcely changed. This indicates that the vary- 
ing rate of exchange of amir acids ia proteins, also observed by other authors, is evidently an actual fact, and 
not the result of vations sorts of side phenomena. 


All these data, regardless of the correctness of hypotheses proposed for their explanation, show that the 
biological process of protein self-renewal coes not iepresent simply “self-exchange*, but is a complex and specific 
phenomenon associated with exchange of matter and cneryy within the cell structures. 


Self-renewal of proteia without breakdown of macromolecules tn living protoplasm is closely interwoven 
with processes of brcakdown, resyntiesis and new synthesis of proteins. The mechanism of such self-renewal in 
many ways is not yet clear, but it must be supposed to be of an enzymic nature. 


In the literature, however, facts are described contiadicting this conclusion and referring to penetration of 
amino acids into proteins exclusively during synthesis of the molecules. In work dealing with incorporation of 
labeled amino acids into protcins of the developing hen's egg, Orekhovich et al. [24] found, for instance, that in- 
corporation of radioactive amino acids into the egg white and yolk proteins occurs only during their synthesis in 
the body of the hen. During subsequent embryonic devclopment these proteins are no longer renewed. Here, how- 
ever, the authors were dealing with storage proteins, nct taking an active part in intracellular metabolism. Bulman 
and Campbell] (25) did not find “self-renewal” in antibodies taken from immunized rabbits and then introduced 
into other rabbits. Similar data on antibodies were also obtained by Macheboeuf (26). There are other analogous 
studies. But they all, as a rule, are concerned with extracellular or highly specialized proteins (blood albumins 
and globulins, hemoglobin and certain enzymes, storage proteins, proteins of metaplasm). It therefore seems to 
us that the conclusion of Orekhovich [27] "that incorporation into proteins of amino acids proceeds only in the pro- 
cess of synthesis of protein substances, and not as a result of their renewal” and “that in the organism there are no 
renewal processes independent of breakdown and synthesis of the protein molecule" (p. 10), can not be considered 
proved for all categories of proteins in the organism. Scr the active jntraceliular proteins and nucleoprotein com- 
plexes under normal conditions this conclusion appears to be unacceptable. 


In connection with the data set foith, it seems to vs that the controversial problem of the forms of protein 
seif-renewal is being solved by contemporary data. It is obviously necessary to recognize the actual and biologi- 
cally significant presence of at least two forms of protein self-renewal (compiete breakdown and resynthesis and 
*self-rencwal”) in metabolically active iniracellular proteins, comprising the basic material of the cytoplasmic 
granules present in direct contact with numerous enzyme systems and nucleic acids and Jocated in the “center* of 
the exchange of matter and energy. On the other hand, it must also be acknowledged that self-renewal without 
breakdown is absent or very limited in extraceilular and storage protcins, which fulfil} other functions and in their 
basic mass are *cut off" from the various enzyme systems. To this group of proteins beleng, for instance, the pro- 
teins of milk, egg white and yolk, hair, certain metaplasmic proteins, blood scrum proteins, digestive enzymes, 
protein hormones and others, 
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With respect to the existence in individual (in the chemical sense) proteins of an inherent property of self- 
exchange, lying at the basis of “self-renewal” and growth of protoplasm, this must be considered unproved, The 
criticism of this conclusion, based on the fact that in this case it is difficult to explain the origin of living systems 
in the first step of development of life, inasmuch as individual proteins incapable of independent exchange can 
not develop, it is impossible to consider seriously. The authors of this criticism (12, 14, 16) arbitrarily propose 
that at the sites of synthesis of the first protein there was formed a certain single individual, specific protein, all 
of whose molecules were identical and each of them capable of growth, multiplication and development of form. 
Meanwhile, it is entirely obvious that there occurred a formation of diverse proteins with different properties, and 
their interaction with each other and other compounds in the first coacervates served as the foundation of many 
processes, as material for the first natural selection. This first natural selection was, as is correctly proposed in 
the theory of the origin of life developed by A. I. Oparin, the foundation for the further development of life. 


Received December 9, 1955. 
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